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INTRODUCTICN 


In 1952 78 percent of; the land surface of Arno atoll was wider. 
coconut and breadfruit forests, both of which types were maintained as such 
only by periodic clearing of mwanted wild plants. With the exception of 
recently introduced weeds, virtually every species of plant on Arno found 
a specific use.-- in medicine, construction of houses, canoes, and im- 
plements, or in the weaving and coloring of mats,-.to mention only a few. 
The possibility that even wild native species had been planted on some 
sites they occupied could never be overlooked. Obviously, Arno's vegetation 
was inseparably linked with its people. To the student who regards vegeta- 
tion as simply the result of the interactio of flora and habitat, inhabited 
atolls such as Aro can be extremely confusing. the other hand, a study 
of the interrelations of the people and the plants of an atoll is inter- 
esting not only in the insight into the life of the atoll people which it 
provides, but also in its illumination of certain important processes of 
vegetational and edaphic change which might otherwise not be understood, 

About 1000 persons were resident at Arno in 1952, most of whom lived 
in villages along the lagoon shores of the wider islands. Islands less 
than 600 feet wide and stony lands were for the most part winhabited, 
Dwellings were concentrated near the lagoon shores of the wider islands, 
for these sites, besides providing easy access to the lagoon, were con= 
veniently near those areas best suited for certain food plants -- the 
breadfruit and the yaraj (Cyrtosperma). In the interiors of the wider 
islands the salinity..of the growmd water was sufficiently low to permit 


their growth. The villages, however, ‘were not always conveniently near 











coconut groves. Copra-making parties often had to travel considerable 


distances to their work, 











At Arno right to the use of the land was held not by individuals 
but instead by extended family groups (bwij) ° the heads of which were 





termed alabs. The land holding (wato) was commonly a narrow strip of 





ground one to five acres in area extending from lagoon to ocean. In 





many cases a bwij held rights on more than one wato. From its watos 





the bwij harvested much of its food and wood and all of its copra. The 






latter produce constituted the chief source of cash income to the bwij, 






from which its members purchased imported foods, clothing, soap, kero- 







Land could not be bought or solds the 





sene, and other trade goods. 





right to the use of the land was passed in strict hereditary fashion 









from one generation of the bwij to the next. Aside from a very small 






area claimed by the United States Government, there was no public land 
on Arno. Right to the use of each piece of land on the atoll was claimed 





by at least oe bwij. Consequently, it is obvious that the vegetation 






found on any piece of land was dependent upon the previous use of that 





land by its bwij. 
Intensity of land use depended not only on the suitability of the 





land holding for the growth of economic plants, but also on such factors 






as its distance from the places of residence of the bwij, the number of 





acres per bwij member, and very probably on the industriousness of the 





members of the bwij, especially the alab. My assistant informed me that 





the bwij of which his father was alab, was unable properly to take care 







of all the land which historically it had been allotted. "Some have too 








much land. Some don't have enough." At Majuro atoll brush had grown 






up on land occupied by the United States Government during the war and 
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since abandoned, ‘The former Marshallese "owers" had by nd.means relin- 
quished claims to this land, but were not certain of their legal rights to 
its use. Land disputes were all too common at Arno. Since the author was 
advised not to become involved in such disputes he did not investigate | 
their relationships to the intensity of use of the land, 

In‘ 1952 the flora of Arno atoll consisted of about 125 species of 
vascular plants (ef Anderson, 1951). “Of these nearly half had been intro- 
duced within the past 100 years, roughly 38 intentionally as cultivated 
plants and 19 accidentally as weeds. That is to say, the Arno flora of 
1850 consisted of approximately 68 species of liigher plants. Of these, 
however, probably about 2) had been introduced by the Marshallese as 
economic plants or weeds. Although a native flora of approximately li) 
species may seem very small, that of Arno is relatively rich compared to 
the floras of other low islands situated ‘at greater distances from the 
rich source of seeds of Malaysia and Melanesia, or receiving less rainfall. 
Canton Island in the Phoenix group, relatively near the rich flora of ° 
Fiji, has a native flora of only 16 species, but it is nearly a desert. 
Palmyra Island, lying to the east of Arno, receives about as much rainfall ~~ 
as the latter atoll, but it is much more remote from major sources of | 
seed. Its flora consists of only 16 species. 

Although the flora of Arno is larger than that of many atolls, it is 
small and relatively uninteresting compared to the rich floras of high 
islands like Fiji, Hawaii, Tahiti, or even Ponape. Not a single vascular 
plant species is restricted to Arno atoll. “All of the native wild species 
are wide-ranging ‘plants, most occurring on’ the shores of islands in both 
the Pacific and Indian Oceans, and at least 7'-- 16 percent of the native 
flora -- occur naturally in the tropics of both hemispheres. Except for a 
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single species, Pisonia grandis, all of the native plants of Arno possess 
The fruits 








seeds or fruits which are distributed by wind or ocean currents. 
of the Pisonia are glutinous and adhere to the feathers of the wide-ranging 





seabirds which roost and nest in its branches. It is not surprising, then, 





that this tree occurs on nearly every high and low island in the Pacific and 





Indian Oceans which is sufficiently moist to permit its growth, as do, indeed, 






a large proportion of the other native species of the Amo flora. 





The climate of Arno is probably not very different from that of nearby 
The winter is 










Majuro, where annual rainfall is of the order of 120 inches, 


marked by stronger, more constant northeast trades and by somewhat less rain 





than the summer, lfean annual temperature is 61° F, 3 mean monthly temperatures 







vary only within 2° of the yearly average. The diwmal variation is about 


10° 3 nights are pleasantly cool. 





Arno atoll contained 133 islands and islets in 1952, which formed 5 





square miles (3200 acres) of dry land. Almost all these islands had the 





same structure, Their seaward sides consisted of ridges of boulders, 






cobbles, and stones throwm up on the reef flats by storm waves. Sand ace 





cumulated on the lagoon sides of these boulder ridges, and dwmes formed . 





where a sandy beach faced the prevailing northeast trades. Between the 





stony ridge of the ocean side and the dune ridge of the lagoon shores, was. 






often an interior depression. The islands tended to increase in width by 






additions of sand on the lagoon side, and coarser material on the ocean 





shores, 


The ground water of an atoll islet is characterized by the presence 





of a Ghyben~Herzberg lens of fresh water. The depth of this lens and its 






salinity depend on the distance to the beaches and the permeability of the 






soils. Stony land is much more permeable to the salt water of the ocean 
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than is dune sand,.and with the rise and fall of the tides appreciable 
mixing of fresh and salt water occurs, Thus the stony land of the ocean 
side of islands is wderlain by much more saline growmd water than lagoon=- 
shore dunes. The ground water in the interiors of the wider islands is 
remarkably free from salt,. Cox (1951) found only 8 ppm chlorides in a 
well at Ine about 500 feet from the lagoon; in an interior pool on Tatu 
‘Island only 200 feet from the ocean I found only 15 ppm. 150 feet from 
this pool the ground water in the boulder rampart had a chloride concentrae’’ 
tion of 7100 ppm, about };70 times-as great. Fosberg (19,9) and.Cox re- 
marked that ground-water salinity apparently acts as an: effective control 
on the distribution of the breadfruit, an economic plant of aboriginal 
introduction, Variations in salinity affect the distributions of species 
of the wild native flora as well; the tolerance to salt of species of 


ithe Rhizophoraceae (mangroves), Pemphis acidula, and others is, of course, 





well Imow. 

. As Stone (1950). and Wells (1951) pointed out, typhoons occur about 
4 times per century at Arno, and have left their mark on the islands in 
many wayse The washing away of entire islets is a spectacular consequence 
_ of typhoons, but windthrow and partial inundation have affected soil and 
. vegetation. In certain local areas on Kilange Island, for example, nearly 
. every large breadfruit tree was blown down in the typhoon of 1918 and 
large quantities of soil were thus disturbed.’ In other places considerable 


amounts of sand and rock had been suddenly dumped on low land, or the 


surface layers had been washed out. Such areas were often characterized 


by low organic and nutrient.content of the surface horizos, The more 
superstitious believed such land to be inhabited by malignant spirits. 
which hinder the. growth of plants. Stories of hallucinations caused by 


these demons were common, 
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Relatively minor changes were constantly occurring along beaches 
Between Ine and Matolen, for example, the shoreline was eroding in 
places, and plants which formerly grew along low dune ridges were stranded 
on the beach. A Pemphis tree with several pebbles embedded in its wood 





322 feet above the present level: of the ground was discovered growing on a 
sandy beach 15 feet from an eroding dume containing similar pebbles near 
its surface. The tree had in effect moved 15 feet toward the lagoon during 
its lifetime, Near Lukw8j coconut trees, which had previously toppled 
onto the beach as the dime upon which they were growing was undercut, were 
being covered with sand as the beach again built up. Intire trwmks were 
buried save for the erect terminal parts, about 5 feet tall. The leaves 
were nearly twice as long, and some trees were bearing heavily. 

The vegetation of Arno atoll is here classified into 9 types (Table I). 
These are merely arbitrary groupings of aggregates of plants into units con- 
venient for description, analysis, and mapping. This, however, is not to 
deny that interrelations may be found between plants growing near one 
another, The vegetational map has been dravm from 19))))-19)5 aerial photo- 
graphs taken by the United States Navy, supplemented by ground observations 
and interpretation of oblique photographs taken by the Navy in 1952, In 
general, the vegetational types listed in Table I are only those which could 
be distinguished clearly on the aerial photographs, Thus "scrub forest"! 
is mapped as a single mit, but is divided into |; subtypes in the descrip~ 
tive text. Boundaries between the types are, of course, no less arbitrary 
than the types themselves. Even on the ground it is not always: possible © 
to classify with certainty as "coconut type" or "scrub forest" a stand of 
small, wild native trees through which coconut trees projected. Bread-— 
fruit groves were usually characterized by a rank wdergrowth of native 


> 
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trees and vines, "Secondary forest", on Arno island contiguous with 


extensive "breadfruit groves", usual ly contained numerous breadfruit 


trees. Obviously a line separating "secondary forest" from "breadfruit 


grove" must be based to some degree on a subjective estimate of inten- 


sity of use, illustrating the fact that on Amo vegetational study was 


inseparable from cultural anthropology, 








Primary species: Cocos nucifera 


: Pe 


TABLE I 

Type. Number of Stands Acres 
Cooenut 147 2221.0 
"Productive 137 2127) 
awe | 1 6505 
Mellal 9 31.0 
Breadfruit 53 | 27740 

| Scrub Forest 13 566.3 
Saline Flat 5 29.46 
ilangrove Swamp 13 26.8 
3 Freshevater Swamp 3 6.6 
Secondary perent 8 Th.9 
Total 372 3205.3 


Height of trees: 0 to 50 feet, exceptionally to 80 feet. 


Density: about 95 trees per acre, exceptionally as low as 0 or as 


high as 10 trees-per acre. 


o7# 


Average size of stand Percent 

(acres) 

15.3. 69.38 
15.5 66.37 
65.5 2.0) 

30h 0.97 
562 8.6), 
4.0 17.67 
569 0.92 
2.1 0.8) 
22 0.21 
Felt 263) 
8.6 100,00 








69 percent of the land area of Amo atoll was wmder coconut forest 







in 1952, for copra formed the main article of export of the atoll. 






Copra production was feasible on practically the entire land surface of 
the atoll, saline flats and swamps and certain parts of the interiors of 










wider islands forming the only significant exceptions to this rule. The 





wide interiors of islands, however, were devoted in large measure to 


food production for local consumption, and the exceptionally rich phosphatic 





soils of Takleb and Namwi had been given over to some degree to such 


‘special crops as Kapok, Papaya, and Banana. Remote, narrow, or stony lands, 





areas in which the ownership of the land was in dispute, or lands the 







workers of which were less energetic than others, in some cases supported 





stands of wild native trees, 


‘ The coconut thrived over an extremely wide range of environma@mtal 






conditions, It was productive over a 1,000-fold range of ground-water 







salinity and over at least a 50-fold range of concentration of available 






phosphorus, It was found on all habitats from fresh-water swamps to 






dry, windswept dunes, on organic mucks, fine or coarse-textured sands 9 or 






among fragments of coral rock. Except on those few areas in which it 


was not productive, the coconut was utterly worthless as an indicator of 






environmental differences, 






The plants which grew under the coconuts, however, were not always 






the same in the different habitats on which the coconut was planted. 







Consequently, it is convenient to recognize three environmental subtypes 


within the coconut type, corresponding to the 3 major physiographic 






divisions of an atoll islet, 













1. 





Lagoon shores and dunes 





Secondary species: Pemphis acidula, Scaevola frutescens, 









a Sea 





’ Hernandia sonora, ‘Calovhyllum faa iatttiaaen 
* -Barringtonia asiatica, Suriana maritima, 
‘Pandanus tectorius, Sophorg tomentosa, 

Canavalia microcarpa, [pomoea tuba 


Ground layer: Lepturus repens, Fimbristylis atollensis, 
Thuarea involuta, Cassytha filiformis, 
Triumfetta procumbens, Vigna marina, Tacca 
Lleontopetaloides, Polypodium scolopendria, ; 
Euphorbia chamissonis, Canavalia sericea 


The coconut trees usually overhung the lagoon, sometimes toppling 


onto the lagoon beach where the shoreline was eroding. Along the lagoon 


shores of the leeward islands Pemphis acidula, a much-branched low tree 





with exceedingly heavy, hard wood, was often abundant on exposed beach- 


rock. In or near villages Hernandia sonora and Calophyllum inophyllum 








were observed, the latter ‘commonly being used for rain catchment. On 
dunes Lepturus,* Fimbristylis, and Thuarea formed a low, dense cover 
under the coconut trees. 


2. Low Interiors 





Secondary species: Morinda citrifolia, Pandanus tectorius, 
and other trees of the scrub forest type, 


Ground layer: Lepturus repens, Fimbristylis atollensis, 
Thuarea involuta, Wedelia biflora, Cassytha 
filiformis, Triumfetta procumbens, Vigna 
‘Marina, Polypodium scolopandria, Euphorbia hetero- 
phylla, Tacca leontopetaloides,. Asplenium nidus, 
Nephrolepis sp, Boerhavia diffusa. 


Fimbristylis and the grasses exew taller here, and Pendanus y svoute 
of ilorinda, Guettarda, and other trees of the scrub forest formed jungles 
in some poorly .tended grovese Epiphytic mosses, Nephrolepis, and Asplenium 
appeared'on stumps, fallen logs, and reales The velocity of the wind was 
much reduced and the habitat seemed moister. aa 


vt 


Boulder ridges and stony land’ 





Secondary species: Trees of the scrub forest type 


aD « 









Ground layer: Asplenium nidus, Nephrolepis sp., Wedelia biflora, 
Polypodium phymatodes, Finbristylis atollensis, 
lepturus repens, Triunfetta procumbens, Vigna 
marina, Thuarea involuta, 







Ground cover tended to be spotty among the rock fragments of boulder 





ridges; less than 5 percent of the ground might be covered with vegetation, 






The ferns Asplenium, Nephrolepis, and Polypodium, together with patches 





of Wedelia in openings, were perhaps the most abundant plants. ‘Invasion 





by wild trees from stands of native forest along the ocean necessitated 






nearly constant clearing, and in many places thickets had grow up to such 







_an extent that collection of fallen coconuts was impracticable, 


Types of Poor Coconuts 








About 4 percent of the acreage wnder coconuts on Arno Atoll was 









relatively wmproductive, The HMarshallese recognized two types of "poor 





coconuts:" "Laora" and "lellal." Each had a fairly consistent set of 





characteristics which, with practice, could be recognized easily. 





le "Laora" on Arno atoll occurred on Arno island and in the breadfruit 






belt in Ine village. In its extreme form on Arno island "Laora" was 







charaterized by: 





Yellowing and’ scorching of the leaflets of the coconuts, most severely 





at the tips. Areas adjacent to the midribs were usually green, 












The leaflets were sometimes twisted and more or less knotted together, 


..’ Dead leaves tended to hang on the tree, 






The trunks of the coconut trees were sometimes blackened, 





« Density of stocking was low -- about 40 trees per acre in the worst 





affected areas of Arno island. 





Dead trees were conspicuous, About 35 trees per acre were dead in 






the worst affected areas of Arno. 






The older trees were mostly barren of fruit, although they produced 
-10- 





inflorescences, Apparently the fruits aborted at an early stage of 
development. | 

The younger trees bore fairly well; their water was exceptionally 
sweet. 


In the worst affected areas of Arno island the gromd cover con- 


sisted of clumps of Fimbristylis atollensis, covering the ground between 





which was a leathery black blue-green alga resembling a crustose lichen, 


Tacca leontopetaloides was common, Its leaves were yellow except along 





the veins and were characterized by the presence of circular brown spots 
1/8 to 1/ inch in diameter, | 

Laora was restricted to the interfors of the wider islands, where it 
occurred on soils of. the Amo series. ea 

The Arno people attributed, "Laora" to a Whack of salt." It is true 
that areas on which the malady was present contained very little sodium 
chloride . in the ground water. Productive coconuts, however, occurred on 


' sandy soils no less distant from lagoon and ocean and thus probably con- 


_taining no more available sodium, It will be noticed (Fig. 13) that the 


,area of poor coconuts on Arno formed a semi-circle around an area of 

_ Secondary forest containing numerous abandoned house-sites and yaraj 
(Cyrtosperma) pits. On small clearings within the secondary forest the 
- gocgnuts invariably exhibited severe "laora" symptoms. As one proceeded 
radially from the former center of nebite sion immediately on the lagoon 
side of the yaraj pits, the malady appeared to become progressively less 
severes It is thus possible that the poor growth of coconuts in part 

of the interior of Arno island was related to the former use of the land 


for human habitation. 











2. “Mellal", wilike "laora," occurred at or near the shores of islands. 
Its distinguishing features were: . 

General yellowing of the leaves of the coconuts. New leaves 

were slow to turn green. 

The palms appeared stunted and probably died uae (trees in 


laora areas were often very tall). 





Dead leaves did not fall readily. 
The trees bore only a few nuts, . 
Ground cover was invariably depauperate, consisting chiefly of 


an open stand of bunchy Lepturus repense 





The parasitic vine, Cassytha filiformis, was usually abundante 





Intsia bijuga grew as a straggling shrub, although on better 
sites it became a tree 60 or more feet tall, 





Polypodium scolopendria was often COMMON. is 

Mellal occurred at or near the lagoon or ocean shores of islands, 

on Amature soils of the Shioya series, | | 

Stone suggested that me poor growth of these coconuts might be ate 
tributed to sodium toxicity. Analysis by the present author of the ground 
water in an area of tmellal" on Langar island demonstrated only 135 ppm, 
chlorides. ietuten from the relatively slight accumulatdion of organic 
matter in their upper layers, the "mellal" soils appear to be young, and 
may have resulted from washouts or heavy deposition of sand during ty- 
phoons. It is here suggested that mmy mellal soils may be deficient 
in nitrates, but that these deficiencies oy do not become striking 
until more than 30 years after the original deposition of a soil or the 


exposure of a fresh surface in a typhoon, Areas washed out during the 
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1918 typhoon supported apparently vigorous stands of young coconut trees. 
A legend stated that the "mellal" d4rea of Langar.island was buried wmder 
sand deposited during an ancient typhoon. In excavating a pit to the 

| water table, however, the writer encoutered no buried profiles. 
Economics of Copra Production on Amo. 








The price of copra -has fluctuated widely+since 1950. Mr. He Eo. 
Blodgett, manager of the Island Trading Company, Majuro, paid the follow- 
ing prices per ton of copra delivered: (on ITC trucks) at Majuro: © 


Jan. 1,°1950 - $100 
Jans. 1, °1951 ‘no 
Feb. 10, 1951 130 
June.16,-1951 0 ge». 1a5. 
Oct. 1, 1951 105 st tspaaiia dail 
Jan. 1, 1952 95 
April 1, 1952 70 
dy 1,192 ° 70 ig? 
* Septe 1, 1952 . 70 


The 1952 price of 33¢ per pound, after’ fixed costs were deducted, 
. left very little for the "ri jerbal" (workers), The chief costs were: 
Share of the iroij 1l¢ 
Share of the alab Oly 
Shipping costs (Arno-Majuro) 0.7 
Total a 
That is, at the price of 34¢ per pound, the ri jerbal netted only 
Lel¢ per pound ($26.00 per ton). The share of the iroij was fixed; it 
did not fluctuate with the price paid by ITC Majuros I believe the same 
was true of the share of the alaby adens : 


i= 13 - 








At the rate of 1¢ per powd of the 622 tons of copra sold at Majuro, 






income of the iroij of Amo in 1951 was about $12,)00, or $5.5) per acre 
of coconut land. Although the political and social prestige of the royal 







classes of the Marshall Islands is said to have declined (Spoehr, 199), 





their economic position has probably improved with the introduction of the 
-- & : 
copra trade. The relatively large income derived from "ret" of copra 





land may have been a primary consideration in the revolt of the three 
iroij erik of Liwaito (Iason, 1952). In 1952 thesé men in effect con- 






sidered themselves iroij lablab on at least part of their land -- that 






is, they demanded (but did not always receive) the share of the iroij. 






on that land. 
In 1951 ITC Majuro purchased 622 tons of copra from Arno atoll, 






This copra was produced by about 216,000 trees ‘ 











TABLE IT 








Type Estimated coconut trees Acres Total Trees 
per acre : 
Coconut 95 2127 : 202,000 
Laora a 65 3,900 
Mellal | 70 31 "2,200 
Breadfruit 15 277 4,150 
Scrub Forest 5 566 2,830 














Pandanus swamp us ot) 6 270 






Secondary forest ‘10 75 750 
reddey * | 216,100 






Total 


# A considerable:proportion of the copra share of the iroij was set aside 
by the council of alabs for the payment of extraordinary medical expenses 
incurred by Arno residents. The prestige of the iroij, however, was 
probably not lessened by such philanthropies, however involuntary they may 


have been. 
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In shipping copra the dried ‘eoconut meat was stuffed into coffee 
bags. The contents of about 350 nuts were sufficient to fill one bag, 









which theh averaged about 106 pounds in weight. That is, the contents 






of a single nut, when dried, weighed about 0,303 pound on the average, 
It follows that the contents of 4312 x 10° nuts produced on 2,16 x 10° 





trees were exported to “Majuro in‘1951.° Thus, the average number of 










ripe nuts harvested for copra was | ‘0.28 tons were produced per 
acre of coconut land. | 
Local consumption of éoconuts as food is here estimated from the 


Majuro data of Spoehr (1919; pe153)» In 19h7 58 persons belonging to 





7 households consumed in 21 days 1083 nuts and 607 quarts of coconut © 
toddy (jukaru). 









It is difficult accurately to estimate the equivalent 
of the toddy in nuts. Copeland (1931) stated that $785 coconut trees 
in the Philippine Islands produced an average of 0.65 liter per tree 
per day in the year 1909..1910. 
the coconut tree is cut off and the sap dripping from the cut stalk is 





‘Th making jukaru an inflorescence of 





collected over a period ‘of 2 to 3 weeks. Assuming, conservatively, 


that thé ‘infloréscence wold have produced 5 nuts had it not been cut, 









one quart of jukarii' is ‘approximately equivalent to Ooks nut. Thus the 
tétal consumption of cocenut products as food reported by Spoehr was 
approxinately the equivalent of 1355 nuts 9 or 1. 1 coconut per person ; 
I suspect this ‘figure is conservative if applied to Arno. 





per daye 





Majuro village was crowded with war refugees in 1917, when Spoehr made 










Accepting this 





his study, and coconuts were probably in short supply. 





figure as being of the correct order of magnitude, however, the total 


local yearly consumption of coconuts as food at Amo is about 00,000 


a 










nuts, or about 1.85 nuts per bearing tree. Nuts processed locally for 


coconut hair oil and massage would probably bring the figure to 2 nuts 
This total is the equivalent of about 60 tons of 





per bearing tree, 








copra. 
Summarizing these data for local and export production, on Arno 







atoll about 21 nuts were harvested per bearing tree in 1951, the 
equivalent of a production of 0.31 tons of copra per acre of coconut 






land. How do these figures compare with those of other copra-producing 






areas? Webster (1920: p.li3) stated that "owing to close spacing and no 





cultivation, the average annual.yield per tree in the Philippines is 






estimated at 25 nuts," but that on well managed plantations an average 






of 60 nuts per tree could be expected. Cooke (1932) reported that in 
well managed plantations in Ceylon on good sites where the number of 
trees per acre was 18 to 60, yields of 66 to 86 nuts per tree were ob- 






tained and that 15 piculs (0.9 tons). of copra per acre were harvested, 






Child (1950) estimated” that world production of copra in 1938 was 






3,906,143 metric tons, produced on about 9,616,000 acres, or about 






0.45 tons per acre (a metric ton equals 220.6 pounds). The estimated 






production in the "Pacific Territories" was 0.333.tons per acre. 






It is apparent that Arno's peretree and per-acre productivity is 






low compared with that of the world, and even with that of the average 
of the "Pacific Territories." This low productivity is probably in 






part due to inefficient harvesting, although probably no more than 25 






nuts per tree could be expected, given the crowded conditions of the 






existing groves. Total production of the atoll could no doubt be in- 






creased by converting some of the land wider scrub forest to coconut 


~ # "Based on Schnurmacherts Review-of‘Ceconut Products for 1938, 


Manila, 1939. Table IV; Pedoe" P 
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plantationse Much of this land, however, is not well suited to copra 
production, as. most of it consists of boulder ramparts and stony land 


Assuming that all this land be planted 













'. exposed to wind and salt spray. 






- to coconuts, the acreage under coconut plantations would be increased 






only 25 percent. over that of 1952. The gains in copra production to be 


obtained by increase in acreage or more efficient harvesting are 






probably slight, however, compared to those which might result from more 






careful management than was practiced in 1952, If the groves were 






thinned, competing vegetation kept more efficiently in check, the practice 






of applying phosphate and perhaps potassium fertilizers initiated, and a 





program of introduction of high»producing races ‘established, pereacre 





The introduction of a variety such 









productivity might well be doubled. 






as the Philippine Romano would save considerable labor in making copra. 






Only 3,270 Romano nuts are. required to make one metric ton of copra on 






Mindanao Webster, 1920), whereas about 7,280 ntl, were necessary at 






Arno in 1952, ! 
It is obvious ’ reat that programs designed to increase copra 







production at Arno and elsewhere i the. southém Marshalls would require 






changes in social patterns which might be undesirable or unpopular, 






Although complaints about the low price of soni and the resulting low 






income of the ae coved were frequent in 1952, , it was the author ts 





impression that the oeople of Arno were not eager to acquire wealth and 


property. hentia working hours were uimowns To produce enough copra 











to buy cigarettes, needles, thread, ‘Soap, Hisning line, hooks, and other 





trade goods to last his imediate ‘family one year, a man had only to 





work two to three weeks at ‘ehian copra. “Mach time was spent fishing, 







visiting, and talking. More efficient management of the Arno coconut 











but only 









groves would possibly sseueeed the cash income of the "ri jerbal", 





at the sacrifice of tet sure horse * abundarit jeigure time is perhaps one 
“Programs that might dee 









of he nost pleasant acpects of Marshallese ‘life, 









crease , it in the name of increased efficiency should be recommended only 






“after careful, consideration has been ‘given to their sociological implications, 






“Primary speciesy Artocarpus altilis. (15 to 30. trees per acre) 






Secondary species:: Cocos nucifera (10. to 15 trees per acre) 
. Pandanus tectorius 
‘Prema obtusifolia _— 
Allophylus timorensis 
‘. Pipturus argenteus_ . 
Guettarda speciosa 
Morinda citrifolia.. . 











‘Ground layer: .Wedelia biflora. . ++ . Vigna ante 






Tacca leontopetaloides '  Gentella asiatica ° 
‘. Tepturus repens Ipomoea tube 
Thuarea involuta ' I, littoralis 
' Fleurya ruderalis ... . Oplismenus sp, 





Fimbristylis atollensis ~ Triumfetta procumbens 
Polypodium scolopendria _. Hedyotis biflora 
Asplenium nidus Alocasia-.macrorrhize 
Nephrolepis sp. Crinum asiaticum 

- Stenotaphrum subulatum 








. Yayaj pits:  Cyrtosperma chamissonis . 
Musa paradisiaca 
Hibiscus tiliaceus 

Colocasia esculenta 

Clerodendrum inerme. 








A considerable proprotion of the .centers of the wider islands was 









occupied by: breadfruit:forests. ..A common approximate boundary of this 





type-on the lagoon sides of islands was the. main village path parallel 






to the lagoon. On relatively, narrow islands the boundary on the ocean 






“‘gides was often the beginning. of the stony land complex or boulder rides. 





On Wider islands, however, the -breadfruit zone usually aid not extend 








this far, for potential. breadfruit land not needed for food production 





was given over, where feasible, to copra culture. 





The breadfruit type was best developed at Ine, where pigs had not 





been allowed to run wild and devastate the yaraj (Cyrtosperma) pits, as 





they had at Arno, Bikarej, and Tutu. At Ine these pits were about 15 







to 20 feet wide, 30 to 80 feet long, and 5 to 10 feet deep; earth heaped 
up around their sides formed the soil upon which the breadfruit and 
The breadfruits grew as widely 










plants associated with it grew. 





scattered trees 50 to 70 feet tall, with spreading crows 25 to 75 feet 





in diameter. A striking feature of this type was the nearly complete 





absence of small diameter classes. Breadfruit trees between one and 







eight inches in diameter were definitely wcommon; most were 18 to 36 
inches in diameter above the buttresses, Coconuts were common in the 





forest, but occupied only a small proportion of the canopy, Sprouts 






of Allophylus, Premna, Guettarda, and.Morinda were usually abundant 






along with small breadfruit seedlings, and formed secondary forests in 






', abandoned breadfruit groves. . Openings in the canopy permitted rank 






growths of Wedelia biflora, the stems of which. at Ine were often inter- 








.: laced by the purple flowered morning glory, Ipomoea. littoralis. m In 








more. completely shaded places the. grasses Oplismenus, Thuarea, or Steno» 








-taphrum covered the ground. In fact, the nearly complete ground cover 






in both breadfruit and coconut types -- except where the latter occurred 






on stony land near the ocean -- was a characteristic of these artificial 





forests not shared by types in which wild native trees were predominant. 






At Ine the bottoms of the yaraj pits were usually occupied by the 






- gigantic Cyrtosperma, but abandoned pits supported rank growths of 





Clerodendrum or thickets of Hibiscus tiliaceus. A fresh-water swamp 









at Tutu island formerly was planted to yaraj, but since pigs made its 
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culture impossible Bruguiera had been introduced, 
According to Fosberg (19:9) and Cox (1951), ground-water salinity 






is an important factor of the physical environment limiting the distri- 
bution of the breadfruit. The typhoon which swept through the eastern 





Marshalls in 1951 provided striking confirmation of these ideas, Al- 






though most of Arno atoll was relatively unaffected, the breadfruit 






There many trees grew relatively 





groves of Bikarej were hard<hit, 
close to the ocean, along the main path which extended in a north-south 






direction along the west side of the island, High storm waves from the 






west washed over the land and extended perhaps 200 feet inland, All 





breadfruit trees in the path of these waves were killed or severely 
damaged, but coconuts and cultivated varieties of pandanus were unaffected. 






In 1952 patches of dead breadfruits alternated with healthy bearing trees, 





so that it was still possible to determine at which points and hor far 






the storm waves had washed over the land, 







Weeds - 








Agricultural land throughout much of the tropics is characterized 


by the presence of a relatively wniform weedy flora. These weeds owe 





their present wide distributions to the agency of man who, with modern, 






rapid methods of transportation, has wmintentionally carried some of 
them to even the most remote places. Arno atoll in 1952 had about 26 





species of unwanted alien weeds, most of them without well established 









native names or uses. Most of these had probably been introduced after 





1873, when an Hawaiian mission was. established at Ine, It is of interest 
to observe that on Arno atoll these weeds were virtually restricted to 







village paths and houselots. Although the breadfruit and coconut groves 





were maintained as such only by periodic disturbance in the form of 
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clearing and burning wderbrush, their floras consisted almost exclusively 









- ‘of native species. or .plantg of .ancient,.aboriginal introduction. Moreover, 






-'.it is a curious fact that tie native herbs of coconut and breadfruit. 





forest, with very few exceptions, did not occur in the forests. of. wild 





native trees, Thus arises the problem of the nature of their ancient, 






pre~aboriginal habitats, for the coconut and breadfruit groves, their 






present habitats, became established on Arno only after the arrival of 







the Marshallese. 





Certain of these species were found in 1952 on open, newly formed 
land. Betreen Langer and Matolen, islands nearly obliterated in the 1905 






typhoon were reforming. The following species of herbs were observed on 












| sand freshly deposited wrapied the lagoon shores of these “Uslands: 





Lepturus repens | ’ Vigna marina | 
Finbristylia atollensis — Wedelia biflora . 
Triumfetta  emapenns Cassytha filifornis 














Since there ts no reason to believe ‘that typhoons were formerly any ‘less 


frequent than they are nov it ts extrenely probable that this habitat 






A more extensive search 






has alveys been. available to ‘these ‘epeckese. 






would probably vovenl a few ‘other species of ‘the ground flora of briead- 
fruit and coconut groves -- “eekey ‘Buphorbia ‘chanl ssonis and Thuarea 









Certain species which were 









involuta, «- growing in similar ‘situations. 







restricted to relatively alate partially ‘shaded situations may fiever 


have grown on open sandy shores. Could such plants as Centella astatica, 












Hedyotis biflora, Tpomoea littoralis, and 'Oplismenus SDe ‘be weeds of 











ancient aboriginal introduction? It would be surprising indeed if such 









introductions did not take place in the past as they do today. The 







seedless varieties of breadfruit, for r example, are Bropegated need 












by root suckers. In transporting small trees from island to island the 
wandering Marshallese could scarcely have avoided accidental introduction 





of unwanted seeds in the soil around the roots. Other weeds of possible 





ancient introduction are Portulaca samoensis and Cyperus polystachyos, 











both restricted to village paths and houselots, but possessing well 





established native names. 






SCRUB FOREST 







Since the introduction of the copra trade in the latter part of the 





19th century, about two thirds of the land surface of Arno atoll has been 





cleared and planted to coconuts. Probably at least 80 percent of the 222) 





acres of Arno under coconuts in 1952 must have supported stands of wild 





native trees and shrubs less than 100 years before this study was made 






In 1952 native forest and scrub existed chiefly in the form of numerous 






*.gmall stands which for the most part were restricted to situations in 






which copra production :would:probably have been relatively weconomic. 








Native forest and scrub was.thus characteristic of small or narrow 





islands remote from: villages. and of stony land and ramparts, especially 





those exposed to salt spray and the drying-effect of the northeast 


In such situations the native brush acted as an effective wind- 





trades. 






break, protecting the coconut and breadfruit trees planted farther 






inland, ' 
This wild vegetation was composed of woody. plants ranging from 2 to 





80 feet in height, and varying in structure from nearly impenetrable 







thickets of shrubs along ocean shores to closed-canopied forests of 
Furthermore, the type 





large trees through which one walked with ease. 






included 17 woody species, few of which were distributed over the entire 
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area of the type as it is mapped. In view of the great range of variation 







of physiognomy and floristic composition of this vegetation, it is perhaps 


unrealistic to consider it a single type. Largely for convenience of 






mapping, however, the scrub forest is here treated as a mit. It was not 






possible in the field to examine each of the 13 stands mapped as scrub 
forest, and in general the component species cannot be distinguished on 






aerial photographs of a scale of less than 1:5,000. Subdivision of the 
type based on floristic. composition was thus impracticable. Furthermore, 






the average size of the stands of scrub forest as here presented is only 





l, acres;;many of these are 200 feet or less wide. Splitting of the type 






would have led to obvious difficulties in drafting the mape 
Although the scrub forest of Arno was reduced in 1952 to numerous 





small stands occurring chiefly on the ocean sides of windward islands, 






it is perhaps possible conceptually to reconstruct the appearance of the 






vegetation of the atoll of. the early 19th century, when perhaps only 
about 15 pereent of the land surface of the atoll was appropriated for 





agriculture. Certain regularities were observed, for example, in the 








distributions of the native trees as: one proceeded across the islands of 





the atoll from lagoon to.ocean. Thus, large individuals of Pisonia 






grandis occurred on several of the windward islands from Jilang to Takleb. 






It is probable that these trees were relics of former forests in which 
Pisonia was an important species. In 1952 Pisonia also formed forests 






‘along the boulder ramparts of a few.islands, but the trees were much 





smaller -than the scattered individuals still standing inland. M the 






basis of such observations it.is possible to construct a diagram (Fig. 12) 





on which are charted the distributions of the more important species of 
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‘the native woody flora across an hypothetical, relatively undi.sturbed 





‘atoll, island. Fox each species the ordinate represents the author's 






impression of the importance of that species in the vegetation, Those 


parts of the figure in solid black represent trees actually observed at 







‘Arno. atolls; stippled areas represent the author's extrapolations, For 






example, a few large Pisonia trees were observed about 300 feet from the 





lagoon shore of Takleb island, surrounded by young breadfruit and kapok 





trees. These Pisonia trees, together with other individuals observed 






in similar situations on other islands of the atoll, are represented in 
the soild black area near the lagoon shore of the hypothetical islet, 







The chart thus constitutes a diagrammatic conceptual synthesis of the 






author's observations of many stands and individual trees on several 






. islets e 
In many cases it was impossible to support these impressions of 





"importance" with numerical data based on. sample plots, for they are 






based in part on the observations of the heights and trunk and crow 





diameters of single trees, Despite the highly subjective manner in — 






which Fig. 12 was constructed, the author believes that it is in a 






sense reproducible -- i.e., that.an independent investigator on Arno 


could construct a similar series of diagrams without having first con- 





sulted the ones here presented. Essentially, the diagrams constitute 






an attempt to avoid verbal descriptions of the field occurrences of 






trees (eeg., “Hernandia sonora: commonly encountered near lagoon shores, 









especially along village paths, but on Langar observed on stony land 


200 to 4,00 feet from the ocean, where the trees attained maximum 








heights of approximately 60 feet."),. 
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It may be noted from the chart that. the author noted a general 






zonation in the flora and in the vegetation as expressed: in the "impor- 





tance" of the different species, 





Certain species, such as Scaevola 





fritescens and Tournefortia argentea ranged completely across the islands 









of the atoll, but were much more abundant and formed.a larger proportion 





of the vegetation near iagoon and especially ocean shores. Other species, 











such as Pisonia grandis, Allophylus timorensis, and Pipturus argenteus, 








were far more characteristic of the interiors of islands, where, indeed, 






they attained their greatest sizes. Guettarda speciosa and Pandanus 









tectorius, on the other hand, were more or less ubiquitous. In general, 








the distributions of the species overlapped, but did not coincide. 









Furthermore, as is discussed below in more detail, the forest and scrub 






as it existed on Arno in 1952 was commonly characterized by the presence 






of small stands consisting of a single species of tree, It would seem 
unrealistic, therefore, to attempt to distinguish within the broad scrub 






Not only 






forest type plant commmities based on floristic composition. 


- did the distributions of the species making up almost any conceivable 





plant .commmity fail to coincide, but very commonly the component species 






did not even grow together, Indeed, the author found no evidence on 






Arno that the native plants were distributed in such a fashion as to- 


suggest that any of the species might be mutually dependent. Competition 





for light, nutrients, and water wmdoubtedly occurred, but such inter- 





actions did not result in apparently integrated plant communities the 





composition and appearance of which were relatively uniform from place 





to place, 





Since it is wmrealistic to attempt to classify the native scrub forest 





of Arno atoll into commmities based on differences in floristic composition, 
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it is convenient instead to consider the variation of the scrub forest 
The major 





in relation to the different habitats on which it was found. 






physiographic divisions of an atoll island (at Arno) were boulder ram- 






parts, low interiors, and lagoon shores and dunes, The low interiors 






may conveniently be classed into those possessing stony or sandy soils, 






since it is mow that the salinity of the ground water of an atoll 






islet depends on the permeability of the materials making up its soils, 






When one compares such a classification of habitats with the distribution 





of species as presmted in rig, 12, it is evident that a general corres~ 


pondence exists, although, of course, it may be objected that this cor- 







respondence is manufactured, since the diagrams are based to a large ex- 





tent upon subjective impressions, Nevertheless, it is true that Scaevola 








and Tournefortia as important species were largely restricted to boulder 





ramparts and lagoon shores. Ochrosia, Hernandia, Intsia, Barringtonia, 





and Cordia occurred as important species only on stony land on the ocean 










sides of islands mostly 100 feet or more from the ocean. Pisonia and 






| Allophylus reached their best development on the sands of island interiors. 






The following descriptions of the native forest and scrub, then, are 





basically déscriptions of the "scrub forest" vegetation as it occurred 







on the differmt "natural areas" of the atoll, 






BOULDER RAMPARTS 







Primary species: Scaevola frutescens 





Secondary species: Tournefortia argentea 
Guettarda speciosa 
Terminalia samoensis 
Pandanus tectorius 
Cocos nucifera 

Pemphis acidula 
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At Arno coconut plantations very commonly extended to the tops of 






bowl.der ramparts of the ocean shores of leeward islands, The proportion 


of wild woody shrubs in the uwnderstories of these groves:commonly in- 






creased toward the ocean shores, and thickets occurred in neglected 






plantings. On ocean shores exposed to the full force of the proves imag 






Langar, and the chain of islets eX= 






northeast trades -= e.f., Bikarej, 


tending between thems Ijoens; and the northern tip of Matolen -- native 






shrubs and trees formed belts of vegetation on the tops of the boulder 







ramparts and extending inland in places 200 feet or more, 


In most such situations the primary species of the vegetation of the 






tops of boulder ramparts was Scaevola frutescens. Thickets of this species 









_in places extended about 75 feet inland from the ramparts, increasing in 







height from one foot at their outer margins along the stony hesiiin to 


fifteen feet where they merged with the forests of larger native trees in 






the interiors of the islands. These thickets were in effect sloping 





hedges, consisting of an wibrrolcen a dad of large, fleshy leaves supported 






by innumerable upright branches. Although such thickets were not 





literally impenetrable, they were exceedingly eistiouls to traverse ond have 










been aptly termed "beach barriers" by Mr. E. 4H. Bryan. Tournefortia 





argentea, Guettarda speciosa, and Jerminalia samoensis usually grew among 
















the shrubs of Scaevola, in phages partly replacing them over omall areas. 


‘STONY ‘INTERIORS 









Primary species:  Pandanus tectorius 
Ochrosia oppositifolia 
Guettarda speciosa 
Tournefortia argentea 
Cordia subcordata 
Intsia bijuga 
Allophylus timorensis 

Pisonia grandis 
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(Basal area: 16 sq. ft/acres; density: 150 trees/acre). To walk.into 
such a forest from the ocean reef flat was to step into a.different world, 
The light intensity fell to only 2.5 percent of the glare obtaining on 


the reef flat. One was immediately conscious of nwnerous coconut and 


. large hermit crabs;.the former usually scuttled rapidly to holes excavated 


in the purple-brown phosphatic sand between the stones and cobbles of 

the forest floor, At the approach of an intruder, the terns roosting and 
nesting in. the trees set up a hoarse clatter. Where the bird's nest . 
fern, Aspleniun nidus, grew among the fragments of coral rock, its enormous 
leaves -- to five feet long -= were often conspicuously spattered with the 
white droppings of these birds. Here and there patches of Peperomia: . 
formed small "rock gardens" under the trees. Elsewhere, however, the 
ground was quite bare of plants other than the slippery algae covering 

the rock fragments. Tree seedlings were usually not conspicuous. 

On the windward islands these forests reflected in their growth the 
-~prevailing direction of the wind. The canopy of the forest and of the 
Scaevola scrub 'to windward was in effect a plane of leaves dipping toward 
. the ocean beach at angles of 9 to 13 degrees. On Langar, Barringtonia 
and Hernandia were predominant in a small portion of the native forest. 

- These’ trees appeared to have been restricted in their upward growth by 
“the salt-laden winds, for although they were massive, with trunks over 

2 feet in diameter, many were scarcely 25 feet tall. Their trunks. were 
inclined at dangerous angles or actually prostrate on the. ground, and 
branches projecting above the canopy of the forest were mostly leafless. 
The grotesque shapes of trees suggested the fanciful. thought that failing 
in their struggle to pierce an invisible barrier above them, they grew 
horizontally instead of vertically in a claustrophobic attempt to escape 
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from the inadequate space within which they were confined. Farther 





inland, however, Hernandia trees of the same stand were erect and 







attained heights of 60 feet or more. 
An interesting feature of these forests, probably to be attributed 






to accidents of distributim of propagules, was the tendency of the com- 






ponent species to form alternating nearly pure stands averaging perhaps 
0.1 acre in areas In walking parallel to the shore, one might pass from dark 













patches of Ochrosia forest into sunny open stands of’ Pandanus tectorius, 





and from these into thickets of Guettarda speciosa or Allophylus timorensis. 









Here and there were observed groups of five and six small Soulamea trees, 





Elsewhere, as on Takleb island, groups of tall Intsia or Pisonia occurred, 


or the heavy branches of Cordia subcordata leaned to the ground and 






struck root, giving rise to thickets of that species. These alternations 





of single-species dominance occurred with no regularity, nor did there 





appear to be any marked tendency for one species to replace another, It 


is true that seedlings and saplings of Ochrosia oppositifolia were con- 












spicuously vigorous when growing in heavy shade, but a high proportion of 





the large fruits of this species failed to germinate among the stones and 





cobbles of the forest floor, and there would seem to have been no agency 


other than heavy storm waves by which these awkward propagules might be 





carried from place to place. Guettarda speciosa, and the coconut, however, 












were ubiquitous, and old trees of Tournefortia argentea occurred in 





scattered fashion throughout the forest, 









Stands of large Hernandia, Barringtonia, Ochrosia, Pisonia, or 


Intsia were rather exceptional. More commonly the native forest con- 





sisted of thickets, sometimes containing several sprouting cut stumps, 
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immediately behind the ocean beach barrier of Scaevola frutescens. In 






such situations the most common trees were Pandanus; Guettarda, and’ 


Tounefortia, ‘the latter ‘two with short, thick, crooked boles, sending 







out many low, spreading branches. “Terminalia samoensis and Scaevola 





frutescens were also abundant, and such lianas as Ipomoea tuba and a’ 



















cumtunt form of Wedelia biflora bound s some of these thickets into 







nearly impenetrable tangles. 








SANDY INTERTORS 





Pisonia grandis 
Allophylus timorensis 
Cordia subcordata ? 

Intsia bijuga 


Primary species: 


















Pipturus argenteus 
Prema obtusifolia 
Guettarda speciosa 
‘ Pandanus ; tectorius 


Polypodium scolopendria 
Height of Canopy: . 20 to 80.feet.; 


| Secondary species: 














Ground layer: 









Density: : 15 to 300 trees per acre.over 1 inch debehe | 





In 1952°3:massive Pisonia. trees stood in the middle of Takleb island, 







surrounded by: a.forest of small kapok and breadfruit trees. The largest 






of the Pisonias.was about 80 feet tall and 28); feet in circumference, 
Other large, isolated. Pisonia trees were observed in the interiors of 
Enidrik and Jilang islands. 
might be remants of the native forests which must, have once, covered the 










Since it appeared possible that, these, trees 






interiors of these islands, the writer questioned Felix Js, the magistrate 









of Arno atoll in 1952, whose family holds land rights on Takleb, as to 





He. ‘very Kindly offered the following data: . 






‘this. history. of aamanes 
‘Until 1876 Takleb island was an “island of birds," i.es, 2 royal 






ete 





i 






bird reservation upon which trespass was forbidden (cef. Tobin, 1952). 






Periodic visits were made by apthonines collectors to gather birds and 






‘6gese In 1876 the prohibition against visiting Takleb was removed, and 







around 1886 Tobikle, s a "brother" of Felix”, “having obtained rights to 





the use of the land, commenced to clear’ the wild forest and plant 





Felix were that the original forest 





breadfruit and coconut trees. 





of the interior of Takleb did not consist exclusively of Pisonia trees, 







Rather, the Pisoias occurred in two seers , “Which alternated with pure 






stands of Allophylus, Intsia, and Cordia, ° Species of birds not present 


at Arno in 1952 and not reported by Marshall (1951), including the "ak" 










(frigate bird), "nana," and "kalo," roosted in the trees, together with 






many terns ("rabit," "jakar", etce). The rookery was evidently much 









larger than any remaining on Arno atoll in 1952. The kapok was intro- 






duced in 1915, seed having been sent from Ponape, 







Felix's account was confirmed by Tobu, ‘the paramount chief of Arno 





in 1952, who added that Namwi island had also been ah island of birds 






until 1876, when the. iroij, Lekaman, removed the emo (tabu) from both 







Takleb and Namwi.. The writer encomtered numerous small Pisonia trees 


in the interior of Namwi, growing on phosphatic sand and rock, All 
In view of the very great powers of 








appeared to be of sprout origin, 
vegetative reproduction possessed by Pisonia grandis, I consider it 

















quite likely that the stand of sprouts and suckers observed on Namwi 







in 1952 consisted of the same trees which grew there before 1876 and 





* The term "brother" in the Marshall Islands is apparently applied to 
all male relatives of the same generation as the speaker, Thus, Tobikle 
may have been Felix’s cousin, 
















that these trees then formed a Aer forest over much of the eee 






area of that sland, 
In spite of its decimated character in ‘1952, the remnant of the 







Pisonia forest was nost striking. The pre-1676 groves of Takleb ond 







Nem, must have vom impressive, On the basis of my observations of 


the Taleb wees the following reconstruction may be. ceeded. 







The forest was composed alnost exclusively of old ‘trees of 





Pisonia grandis between 3 and 9 feet in disneter at breast height ‘and 
15 to 85 feet tall. apouning that the canopy was about ‘90 percent 






closed, the density of stocking was about 15 trees per "acres The | 





forest floor was essentially bere of trée seedlings or oo plants, 


<e 


but leafy root suckers of the Pisonias must have been conspicuous. 






Thousands of binds perched in the branches of the a and the air 
‘ 4 


resounded with their raucous cries. ‘Their droppings combine’ with the 










decaying leaves of the Pisonia trees ‘to form a ‘black, mucky hams ‘Fesenbling 
: Li 
the greasy mor type of ‘the humid temperate regions. 






Over and through 










tinis humus crept the serpentine roots of the Pisonias, only occasionally 
Phosphatic saite leaching 





penetrating to depths of more than one foote 






from the hams grained the pinkish limesands beneath a purplé-brovin and 


with the subsequent precipitation of calcium phosphate, Shosphatté rock 







was formed. — phosphatic hardpan was in some places able ‘to ‘perch a 





water table, so that small pools persisted on the ground after ‘heavy 





rains, In places where the rock had not consolidated completely, how= 





-~ 


ever, rainwater percolated through the sandy soil to the ‘permanent 







ground-water table more than four feet below the surface of the soil, 


Typhoons ‘left their meek | on this forest, although they did little 









to alter its eumpesttlen. The tops of the great trees in some cases 
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were broken off, at times 10 to 20 feet presen the ond, and some 





trees were a Nae uprooted. These trees, however, were not all 


From broken trunks and creeping roots numerous quickegrowing 









killed, 


~ 


suckers arose, quickly filling the gaps ‘en the canopy. Fallen Logs 










developed roots ons much of their length, and rapidly growing 






sprouts along their upper surfaces later developed into trees which 






in 1952 seemed to be growing in TOWS, as if planted. Even fallen 






branches struck root and developed into trees where the light in- 






tensity was sufficient, 






‘In 1952 Pisonia grandis was considered a major pest and had been 









eradicated as an important species from all islands of Arno atoll ex= 






cept Takleb, Takleb ej, Enidrik, Jilang, Nam and Langar. In ad- 






dition, lone Pisonia trees stood at Matol en and on Arno island, 
Habitats which appeared suitable for the spectes ’ however, occurred 










_ in the secondary forest of Arno island | as ‘well as on Ijoen and other 






islands reforming between Malel and Matolen, ’ following the typhoons 





of 1905 and 1918, The sticky fruits of the Pisonia adhere to the 











feathers of birds roosting and nesting in its branches, and are be- 
Evidently this 





lieved thus to be carried from island to island, 







mechanism of dispersal is not very effective in ‘the short run. A 






careful search for trees of mdoubted seedling ‘eign revealed only 
Once established, 






a fem, although pyrene and suckers were abundant. 






however, the tree seemed to be almost imortal. The virtual in- 






destructibility of the older trees -- fire is the only effective means 






of clearing Pisonia forest -- combined with their great powers of 







_ vegetative reproduction seems to be sufficient to account for the 
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former predominance of Pisonia on parts of ‘Takleb-and:Namwi.. It is 
possible that these trees: were members of clones ‘resulting from the 
chance long-distance dispersal and establishment of single seeds. ° 
The groves of Allophylus, Cordia, and Intsia, which according 
to’ Felix shared the interior of Takleb island with the Pisonias, 
were reduced in 1952 to a few trees growing on stony soil near the 
ocean side of the islend. Of these Intsia is the largest tree, at~ 
taining a trunk diameter of 19 inches, and’ heights of over 60 feét. 
Cordia subcordata is a mich more compact tree than Intsia bijuga; 





on Arno atoll it reached heights of 45 feet. Its crowns were 
mostly wide-spreading and:its thick branches originated low on the 
main bole, which attained a maximum diameter of 28 inches, 


Allophylus timorensis was..common in the interiors of Arno and. Langar 





islands.:-It was never taller than:30’feet;. and its trunks were - 


mostly slender whips. 


LAGOON SHORES AND DUNES 


Primary species: Scaevola frutescens 
Pemphis acidula 


Secondary species: Suriana maritima 
Sovhora tomentosa 
Gu<e ttarda speciosa 
Pendanus tectorius 
Tcurnefortia argentea 
Cordia subcordata . 
Barvingtonia asiatica 
Tex minalia' samoensis ' 
Hernendia sonora (planted?) 

~Callopnyllum inophyllum (planted) - 

Hibiscus tiliaceus (planted) 


Herbaceous pioneers: Lepturus repens 

net ae | ' ‘Vigna marina 
Wedelia biflora 
Triumfetta ‘procumbens 
Fimbristylis atollensis 









‘Between Lukwoj:and Jabu, on the long southern island.of Arno .: 
atoll, and on several of the islands devastated by the typlioons of 










1905’ and 1918 between Langar and Matolen native forest and scrub 






The primary species in such situations 





occurred along lagoon shores. , 








were. St¢aevola frutescens and Pemphis acidula, The latter comaonly 









formed:pwm'e stands where the beach was composed of sandstone or con- 





solidated fragments of reef rock, At high, tide. the Pemphis trees 
often overhung. the lagoon, so, that-when traveling along the beach . 






one frequentiy was forced to wade around the trees or detour inland. 






Pemphis also occurred on mconsolidated sands and dumes along 





lagoon shores, together with Scaevola and, near Lukwoj, Suriana 





maritima,, Cordia subcordata, Terminalia samoensis, Pandanus 





“tectorius, Guettarda speciosa, : and Tournefortia argentea were other 











trees. frequently encountered on sandy soils near the lagoon, .In 









villages Hernandia sonora and Calophyllum inophyllum were. common. 








Rainwater running down the trunks of the latter was often collected 





in large iron drums, | 





SALINE FLATS 





Primary species: Pemphis acidula 





Secondary species: Scaevola frutescens 
Tournefortia argentea 


Bruguiera conjugata 
Small interior saline flats occur on several islands of Arno atoll, 






Commonly these had the form-of elliptical, flat-bottomed depressions 





about 200 feet long and 50 feet wide. Island sandstone was exposed in 





the bottoms of some of these depressions; drifting sand had accum lated 





in others, At high tide saline ground water might rise above the level 





of the bottom of the flat, or where a channel opened to the ocean or 
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lagoon, salt water washed in with the tides. Commonly at low tide 
small pools were found in depressions in the flats and the water in 
these was salty to the taste, 

The slightly higher rim of such flats was composed commonly of 
consolidated rock, and on this rock as well. as on islands of sand or 
rock within the flat itself occurred nearly pure stands of Pemphis 
acidula, The Pemphis is a large shrub or small tree 15 to 25 feet in height. 
Its exceedingly hard, heavy wood, which sinks like a stone in salt water, 
was: prized as a source of durable construction timbers and. coconut 
husking sticks; formerly it was the preferred wood for spearse Where 


_-gand had filled the bottoms of the flats, Scaevola frutescens and 





» Bournefortia argentea together with the Pemphis formed open stands. 





The largest of the saline flats of Arno’ atoll was found between 
. Bikarej and Badrbaren-islands. There, on low islands between tidal 
channels and pools, the Pemphis formed essentially pure ata At 
-high tide .salt water washed over its exposed roots and those covered 
‘by sand were undoubtedly bathed in the saline ground water, Fiddler 
'- crabs had excavated innumerable: holes in the muddier portions of the 
flat, and permanent. pools a few-inches deep were inhabited by.gobies, 
which: darted into:holes or under sheets of algae when disturbed, 
-. At Bikarej,; Namwi, and Enidrik islands .Pemphis bordered mangrove 


:, swamps, It differed from-the mangroves Ry however, in that whereas the 


.. latter were restricted to swamps in which peat formed under water, 


. Pemphis was most abundant.on sites which, at low tide appeared to be 
well drained and.even dry. Small depressions in beach conglomerate 
formed along lagoon shores constituted an especially common habitat. 


#* Sonneratia, Bruguiera, Lumitzera (Combretaceae), 
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MANGROVE SWAMPS 








Primary species: Bruguiera conjugata 





Secondary species: Sonneratia caseolaris 








Lumitzera littorea 











Pemphis acidula 





Epiphytes: Asplenium nidus 








Nephrolepis SPe 








Density: About 90 trees per acre over 6 inches DBH, but variable. 





Height of canopy: 35 to 55 feet, 





The principal areas of occurrence of mangrove swamp were Tinak, 





Langar, Bikarej, and Namwi Islands, and the districts of Kinajong and 





Matolen, on Ine Island. Elsewhere stands consisting of one to a few 





trees may grow in local depressions.. The swamps were of two kinds. 





Thé more common type was the interior swamp or "bat," cut off from any 





connection with the lagoon or ocean by dumes on the lagoon sides or 





by boulder ramparts on the ocean shores. Certain of these interior 





muddy depressions apparently resulted from the formation of successive 


boulder ridges of coarse rock on the ocean sides of islands, . 





The less common ("jinbatbat") type of mangrove swamp occurred at 





Bikarej and Namwi Islands, bordering the enclosed North Horn lagoon, 
On: both of these islands shallow embayments opened on the lagoon. The 
swamp at Namwi, however, had been cut off from the lagoon by sand which 






drifted across the outlet. Drifting sand had also covered the center 





of the Nami embayment forming a salt flat on which grew scattered 





‘shrubs of Pemphis and Scaevola. The e@ennection of the Bikarej swamp 
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with the lagoon was still open, and water ran in and out of the embay-~ 
ment with the tides. During the day at low tide this water became ex~ 
tremely hot, and evaporation probably tended to increase its salinity 
appreciably. Brine shrimp were abundant. 

‘In both places the mangrove trees formed merely a bordering ring 
around the interior flat. Scattered, mostly prostrate trees of . 
Sonneratia caseolaris,: which on Arno atoll was restricted to the Bikarej 





and Namwi swamps, bordered the central flats of sand or mud; their erect, 
conical pneumatophores extended twenty feet or more beyond the main 
boles of the trees toward the center of the embayment. Behind’ the 
.Sonneratia trees.and tending to fill the gaps between them occurred the 


more erect Bruguiera conjugatay perched upon which were aerial baskets 





of Nephrolepis and Asplenium. Seedlings of: Bruguiera.also became 
established in the mud beyond the Sonneratias, but they were apparently 
short-lived in such situations, . Forming a zone around the Bruguiera 

were thickets of Pemphis acidula, the sprawling main trunks of which sent up 





erect branches 15 to 20 feet. in height. and.over 6 inches in diameter. 
Behind the Pemphis occurred trees of the scrub forest (especially Intsia 
and‘ Allophylus), impenetrable thickets of Clerodendrum inerme, or 





‘coconut. plantations. 


"+. °° Mangrove swamps of the interiors. of islands were strikingly dif- 


‘; ference in appearance. Instead of a mere ring of trees bordering a 


Darren embayment or flat, a complete cover of trees occupied the inland 
swamps. -Most.of these stands contained only a single species of tree, 
Bruguiera conjugata. Only at,Matolen did Lumitzera littorea, prized 








'-::for fishing poles and garlands, grow with the Bruguiera. Thickets of 


the attractive ‘white-flowered Clerodendrum, also used for garlands, 
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sometimes bordered these interior swamps. 








Mangrove swamps of the interiors of islands varied considerably 





in density of stocking, distribution of diameter classes, and form of 
At Tinak and Kinajong the largest trees were mostly 











the larger trees. 





tall and straight, and the distribution of mature trees » young poles, 





and saplings, was Say uniform aden the Swamps « The 






largest trees at , Kinajong were 50 feet or more in height and about 






two feet in diameter at breast height. the trees at Tinak were some- 






what smaller, but the proportion of tall, straight trees which had 






pruned ‘themselves of their lower branches was higher. 
In those places 









The case was different at Matolen and Langar, 






the stands consisted of scattered groups of old trees of poor form 
A dense growth 









altemating with groups of younger, straighter poles. 






of Bruguiera seedlings about 18 inches tall constituted the ground 






layer, and the bird'senest fern grew perched on the larger trees, 






Seedling mortality of bees Brugulere was probably high in the heavy 






shade, for the density of poles 10 feet or more in height was much 


‘reduced. 







The poor form of the older trees at Langar and Matolen, which 






were about 35 to 5 feet tall, exceedingly crooked, and commonly with 






heavy branches originating less than 10 feet above ground, indicates 







_ that they must have grown wnder conditions very different from those 





obtaining in 1952, Their offspring, growing densely wider partial 


shade, had developed into tall, straight, slender poles which had 
This suggests that the 










pruned themselves of their lower branches, 







mangrove forests of Langar and Matolen might have been of very recent 





origin. The older, poorly formed "wolf" trees must have grown in 
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openings as scattered individuals: and'small groups. Those parts of 
the swamps occupied in 1952 by young poles were probably also open 
prior to the establishment of the latter, for the stocking was dense and 
uniform and the trees were of nearly identical size, diameter, and form, 
It is not impossible, of course, that such local openings could have 
resulted from the uprooting of patches of a former forest during typhoons, 
but no evidence of typhoon damage in the form of fallen logs partially 
or wholly buried in the peat could be found; the 1918 typhoon, in which 
many -breadfruit trees were uprooted on Langar, is said to have caused no 
appreciable damage to the mangrove forests of that island, "High-grading," 
that is, the practice of harvesting the more desirable trees whilst 
leaving behind those of poor form, may have contributed to the prepon- 
derance of wolf trees among the older age classes, In 1952, however, 
cutting methods consisted of removing only a few of the better formed 
poles. In the terminology of the forester, this constituted merely a 
"light thinning." Clear’ cutting was not practiced in 1952 on Arno atoll, 
and perhaps never was. Thus, previously existing open places of con- 
siderable size probably cannot be attributed to typhoons or former cutting 
practices, It seems at least possible, therefore, that the mangrove 
forests of Langar and Matolen originated in relatively open, swampy 
depressions with the establishment of the present wolf trees. When 
these trees reached maturity, their fruits were’ scattered thickly 
throughout the swamp, giving rise in openings to the present dense 
stands of poles. In other words, the mangrove forests of Langar and 
Matolen swamps may be no older than the wolf trees still growing in thems 
Dr. Harold St. John: had suggested to the author that certain of the 
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interior mangrove eantie lent have originated through the deliberate 
introduction on the part of the Marshallese of fruits of the Bruguiera 
into open swamps. One clear case of artificial introduction and 
establishment of Bruguiera was actually encountered, suggesting that 
at least some of the existing interior Brugwiera stands of Arno atoll 
may have originated in this way. 

On Tutu Island a fresh water swamp was encountered (chloride~ 
concentration 15 ppm, less than 0.1% of that of the local seawater), 
in which several youmg trees of Bruguiera were growing. The know 
history of this swamp illustrates the possible origin of other inland 
mangrove forests, Yaraj (Cyrtosperma) was formerly grown successfully 


in the Tutu swamp, but the rooting of pigs made its cultiire impossible, 





and Bruguiera, previously absent, was deliberately introduced some 


time between 1933 and 1942. In 1952 there were at least two age 





classes present, The older, larger trees, growing in openings among 
taller coconuts and pandanus, were of distinctly bushy habit, and 
seedlings of Bruguiera were scattered throughout the swamp, The 

" Bruguiera plants were perhaps not so vigorous as those growing in 
more saline environments, but they were surviving and reproducing 
and may well tend eventually to displace the other species of trees 
now presmt,. If this in fact occurs, a stand will be formed con~< 
sisting of scattered groups of old Bruguiera trees of poor form, 
originating from hands full of fruits casually tossed into the swamp 
from points along its margin, alternating with dense growths of young 
saplings and poles, The stands of Langar and Matolen had precisely 
this appearance in 1952, so that similar origins are not impossible, 


It may further be conjectured that as the old, poorly formed trees of 














Langar and Matolen die, they will be replaced by their taller, straighter 
progeny, giving rise to stands such as were seen in 1952 at Tinak and 
Kinajong. The relative antiquity of the stand at Kinajong is further 
suggested by the fact that the place name is evidently derived from 
"jong," the Marshallese name for Bruguiera. That is, the mangrove 
swamp is probably older than the name of the district, if the latter 
was in fact named for ite 

It is of course possible that certain Bruguiera swamps of the 
interiors of islands became established through natural agencies alone, 
High storm waves washing over the land may have carried Bruguiera 
fruits into previously existing interior swamps, or stands of Bruguiera 
formerly growing along lagoon or ocean shores may have been cut off 
inland by the formation of new dunes or boulder ramparts. The writer, 
however, walked the entire southern lagoon shore of Arno atoll from 
the northern end of Arno island on the west to the northern end of 
Langar on the east without observing a single plant of Bruguiera 
growing in such situations. In traveling among the northern islands 
of the atoll he noted Bruguiera. growing along lagoon shores only at 
Bikarej, where scattered trees extended out from the interior embay~ 
ment along the northern lagoon shore of that island. Nor was Bruguiera 
observed growing along ocean shores, although a special search was 
made for the tree in such situations, ve 

It is a common impression that mangrove swamps are invariably 
saline or brackish. Such was certainly not the case in the stand 
developing at Tutu, where the chloride concentration of the swamp 
water was only twice that of the local rainwater. Analyses of the 
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water in the Matolen Bruguiera~Lumitzera swamp. demonstrated a 
chloride concentration of only 60. ppm, about 3 percent of that of 







the local seawater, The water of the Tinak swamp, however, was 
distinctly salty to the taste, and at high tide the water of the. 





Bikarej swamp mixed freely with that of the North Horn lagoon. 





Obviously, then, Bruguiera is capable of growing in swamps having 





an extremely wide range of salinity. Consequently, it should never 












be assumed in the Marshall Islands that the presence of Bruguiera 









is positive indication of high groundewater salinity, 












In passing, it should be noted that large numbers of. fish~ 






eating seabirds roosted and nested in the Bruguiera trees of the 






Langar and other Arno swamps, The high phosphate content of the 






Arno mangrove peats (Stone, 1951) may be conveniently explained by 






their presence, 


FRESH-WATER SWAMPS 





Pandanus tectorius 









Primary species: 
Secondary species: 






Cocos nucifera 
Hibiscus tiliaceus 
Intsia bijuga . 
Morinda citrifolia 
Allophylus timorensis 












Eleocharis spe 


Dryopteris goggilodus 
Polypodium scolopendria 


Ground layer: 










Epiphytes: Polypodium scolopendria 
Nephrolepis spe 
Asplenium nidus 









Fresh-water swamps or bogs were observed on Ulien, Tutu, and 





Arno islands, Of these the Ulien swamps were the largest and most 






~ hh 





interesting. A series of swamps alternated with higher ridges com 
posed of coarse fragments of reef rock, Perhaps the most remarkable 
feature was a small pond, about 100 feet long and 20 feet wide, which 
contained knee-deep standing water when visited, This water was fresh 
to the taste, and apparently not saturated with calcium or magnesium 
Salts, for Stone (1950) stated that. soap could be used. ‘Much more 
shallow standing water occurred in other swamps on Ulien; on still. 
others peat was exposed above the ground-water level, The Tutu swamp 
contained shallow standing water, but certain small areas in the 
northwest part of Arno island were merely wet wderfoot,. Included here 
also are the abandoned yaraj pits of Arno island, for their vegetation 
was very similar, 


The predominant tree in all these swamps was the wild variety of 





Pandanus tectorius, "Erdwan."*” The trees were. mostly about 35 feet tall, 


but density was variablé, depending to some extent, atleast, on the 
depth to the ground water, Thus the gnall bog surroundirig the Ulien 
pond supported an open stand of Eleocharis, Polypodium and young 
Pandanus formed a zone around the sédge, followed by’ a belt of larger 
Pandanus and: finally, on the higher, drier land, by coconut’ forest: with 
an understory of scattered Pandanus. In the swamp west of this stand 
occurred both dense dark stands of Pandanus, containing perhaps 250 
trees per’ acre and much more open stands of probably half the density 
of the former, The more open stands occurred on’ a fibrous peat which 
smelled strongly of hydrogen sulfide, whereas the substrates of the 
dense stands were dark mucks,. Coconuts had been planted in many of these 
swamps. When windthrown, their root systems tore up patches of peat, 
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Intsia, Morinda, and Allophylus 





exposing the standing water beneath. 










occurred on slight rises, and Hibiscus tiliaceus, elsewhere common in 








abandoned yaraj pits, grew along the margins of the swamps. Eleocharis 





was abundant in open places. in the Ulien and Tutu swamps, but was not 


seen on Arno island. As noted. by Stone, Dryopteris goggilodus grew in 
open places. in the abandoned yaraj pits of Arnoy but apparently did 











not occur elsewhere on the atoll, This suggests that it may have . 









been of accidental aboriginal introduction, spores possibly having ad- 
On the dry exposed peat west of the 





hered to the corms of Cyrtosperma. 






Ulien pond Lepturus repens formed bunches, and Fimbristylis atollensis 








was common on slightly higher situations, 







- The history of the vegetation of the Ulien swamps and the sur= 





rounding higher land might well be worth intensive study by the methods 





of pollen analysis. Such a study would necegsarily include an account 






of the origin and age of .the. swamps and the wmique pond, It is sug- 





gested here that these interior depressions are of natural structural 





origin, the result of the formation of successive boulder ridges on the 






ocean side of the island, possibly as the reef grew outward. At least 






one such interior boulder ridge contained a thicket.of Scaevola 





frutescens similar in all respects to the brush of that species which 








so commonly borders ocean shores. the other hand, my informants 






confirmed the legend related to Stone that an Ulien retting pit was 


excavated by a stare 









# A radio-carbon analysis of the layer of peat in which breadfruit 
pollen first appears might give a minimum date of the occupation of 


Arno atoll by the Marshallese. 
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It would seem improbable, however, that the Ulien swamps were formed 
by a shower of meteorites, 






Secondary Forests of the Interior of Arno Island 


Primary species 
Allophylus timorensis 























Ground layer 













Tacca leontopetaloides 








Artocarpus altilis Polypodium scolopendria 
Prema obtusifolia ! Nephrolepis sp. 
Guettarda speciosa Asplenium nidus 
Pandanus tectorius | Crinum asiaticum 

Cocos nucifera Dryopteris goggilodus 







Ochrosia oppositifolia (abandoned yaraj pits) 









Secondary species 









Randia cochinchinesis 
Scaevola frutescens 
Ipomoea tuba 
Hibiscus tiliaceus 
Morinda citrifolia 
Ixora casei 

Pipturus argenteus 







In 1952 a considerable part of the interior of Arno island was 





occupied by a growth of small trees, of which Allophylus timorensis 









was the most abundmt,. Growing with the Allophylus and often locally 









predominant were Guettarda speciosa, Prema obtusifolia, and Pandanus 





tectorius. An aggressive seedless variety of the breadfruit, "Bukaral", 









maintained itself in these forests by root suckering; a seeded variety, 


"Mijwan," was also present but less common, The main, closed canopy 





. of the forests was 25 to 35 feet above the ground, ‘but breadfruits and 






coconuts 0 to 50 feet. tall occurred scattered throughout. Randia 








cochinchinesis, resembling a small coffee tree, was common in the 





shrubby layer, and Tacca, Crinum, and seedlings of Allophylus were con- 







spicuous on the grounds 







Although the relative abundance of the component species of trees 
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was spatially variable, their sizés in general were note The bread- 








fruits were mostly 6 to 10 inches in diaméter and lacked buttressed 
roots. The Al lophylus~trees were slender whips, 2-to- inches in 





diameter, and’ the Guettarda was scarcely larger, The small size of. 





the trees suggested that these forests were not old. This supposition 





was confirmed by the presence in the forest of abandoned house sites, 





around which Ixora bloomed profusely, and yaraj pits, occupied by rank 





growths ‘of the wild pandanus ("Erdwan"), Hibiscus tiliaceus, and 











Dryopteris goggilodus, -These secondary forests clearly had grown up 









in land formerly utilized for agriculture. 
An attempt was made to determine the history of land abandonment 





on Arno. According to several informants, Arno island was once the 





headquarters of a powerful prince, Lojette, who is ‘said to have con- 





quered seven atclis of the Radak chain and to have originated such 





institutions asa military schobl and a corps of physicians. After 





Lojette's departure fron Arno dissension broke out among his followers; 





wars, famine, and disease are supposed to ‘have decimated the population. 





Much of the history of Lojette is undoubtedly pure myth. On the 





other handy Lojette is listed on the register of the iroij lablab of 





Arno kept by Lajibili, the former magistrate of thé atoll, and Lojettets 





descendants are among the nobility of Maloelap and Majuro. The ruling 





tribe of Jebrik and Kaiboke at Majuro, for example, traces its descent 





to Lojette and his second wife, Liwarelik, a member of the Rarno clan. 





The geneology of at least one descendant of Lojette, Karjin of Ailok, 





is known accurately and serves to place the date of birth of Lojette 





~ ‘between 1720 and 1780." be 


% Lubne X Lojette -} Limajjen -y Neikom -} Lekam -} Lajen <> 
Litoene -3 Karjin, about 50 years old in 1952. Length of generation: 20 
to 30 years. Informant: Raymond de Brum, 






















Jon, an old man of Arno island, kindly showed the author the site 


of a house which he said was occupied by Lojette and permanently 







abandoned after his departure from Arno. Excavations revealed that the 
depth of accumulation of coral puihiles in the ancient courtyard varied 









from 12 to 19 inches. Pebbles in courtyards of known age were found to 









accumulate at the rate of about one inch every ten years. Thus the 
housesite had been ootunied roughly 120 to 190 years at the time of 





abandonment. If Lojette was 0 to 70 years of age when the house was 






abandoned, then it was first occupied sometime between 1570 and 1730, 





Many abandoned courtyards were found inland from the one said to have 





been occupied by Lojette. Most of these belonged to the commoners (kajur) P 






who cultivated the nay yara) — and harvested the breadfruit. 







The interior of Arno island was probably inhabited until about 1860 





Lajibili, ‘who is now about 60 years old, stated that Arno 





or 1870, 





island consisted of 3 inhabited districts during the time of his grand- 







During the time of 





father =~ ocean and lagoon shores ‘and the interior, 





‘his father only the ocean and Lagoon shores were “inhabited, and in 1952, 






‘exoapt for a single interior house, dwellings were restricted to the 










path near the lagoon shore, Yaraj was erowm in the now-abandoned bwil 


(pits) during the time of the Japanese (191-194); 9 but rooting by pigs 






had resulted in the abandonment of almost all yaraj pits before the ar= 







rival of the Americans; I saw only one pit on the island which still 


contained Cyrtospermas 






The Arno people attributed the abandonment of housesites in the 







interior of Arno island to a simple decrease in the human population. 


“About 200 people lived on Arno in 1952, but many of these were rela- 









‘ane recent tudavete from Mille, wotje, na Majuro. A former larger 
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population is certainly not impossible. Much more food must have been 





produced before the yaraj pits were abandoned, On the other hand, a 





simple migration of biological families from the interior of the island to 





the lagoon shore may have taken place with no change in the total popula- 





tion of the island. The writer observed abandoned housesites similar to the 






Arno ones in the interior of Ebon island, Ebon atoll. He was informed 






by Dwight Heine, a resident of Ebon but superintendent of schools at 





Majuro in 1952, that at Ebon "ri jerbal" formerly occupied the less 






desirable interior houses, lagoon shore sites of the watos having been 






reserved for the alabs, At Ebon and Arno all the members of a bwij in 






1952 lived in a group of houses conveniently near a commonly shared 





cook house near the lagoon side of the wato, 






If the population of Amo island was formerly considerably larger 






than it was in 1952, the interior -~ the area of secondary forest and 





much of the land under coconuts -- may have resembled that of Majuro island 





in 1952, where interior houses set among large breadfruit trees were still 





occupied. The yaraj pits were maintained; bananas and limes were abun- 





dant; and the underbrush was kept more or less in check, 





If, on the other hand, the population of Arno has not changed ap- 





preciably and the biological families constituting a bwij were formerly 






scattered in a line running from ocean to lagoon, wild native trees may 






have made up an appreciable part of the vegetation. Perhaps only a small 


area around each house was kept relatively clear of brush. It should be 





emphasized, however, that in the Marshall islands it is not possible to 






make a sharp distinction between agricultural and waste land. Management 






consists chiefly in cutting back competing unwanted wild vegetation. 
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Intensively managed coconut and breadfruit groves are parklike. Mm 
we other hand, breadfruit,, yarai, and coconuts are harvested in 
jingleslike areas vhich might well be nappet | as . secondary forest. The 

dagres of neglect varies from wato ‘to wato. It is not unusual to find 
| a strip of land almost completely devoid i underbrush bordered on both 
sides by nearly impenetrable thickets of small native trees overtopped 

by coconut or weediruls treese 

At about the ‘time of abandonment of the interior dwellings on Arno, 

German Petit BS commenced buying copra in the Marshall islands, Gradually 
land under native scrub and unneeded breadfruit forest was cleared and 
Planted to oe Although the new coconut plantations were genérally 
| successful neat o¢ean and lagoon shores, the conversion met with ditii. 
ree! in the interiors of the widest islands of several atolls in ‘the 
southern Marshalls, After a few peodaotive years, 9 the trees effectively 
ceased bearing and many died. In 1952 a few Arno landholders continued 
to naintain their failing groves, hilar others had abandoned the ate 
venpye to produce copra in _ interior of the island. How much of the 
present ‘secondary forest followed directly in the wake of ‘the failing 
coconuts is not known. Probably some breadfruit ‘lend passed ‘to ‘stbiindary 


forest without first having been planted to coconuts, the ) older breadfruit 


trees having been salvaged | for canoes. 

| In 1952 some areas “of poor ‘coconuts 1 were » being “tnvilied directly by 
breadfruit trees, ’ especially the variety "bukaral..” “More cémmonly the 
earliest invaders were Wedelia ad Prema, the ‘Letees forming thickets of 


, hippy stems six to nine feet tall. A representative ‘ oaiatiiid was “ob- 


served > the vato tino Karel near the ocean ‘side of the secondary forest. 
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The sequence was (1) poor coconuts with Pinbristylis and a black alga 


_ Prominent on the grounds (2) Wedelias (3) bafoot Premas (h) Pipburus 
argenteus with an undergrowth of scattered Thuarea; (5). Randa 













_cochinchinensis and Morinda citrifolia over which Ipomoea tuba climbed; 















(6) 12-foot Guettarda; and (7) closed forest of Pandanus, Allophylus, 






Prema, and Guettarda, 






In the closed forest Allophylus, young trees of which were abundant 






on the forest floor, appeared to be increasing at the expense of Premna 





. and Guettarda. Seedlings and saplings of the Prema were never observed 






. growing under closed secondary forest, and small Guettarda were common 


Ochrosia oppositifolia, 








_. only ue openings and at the edge of the forest. 






@ rare species: except near ocean shores occurred in abundance at one 






It appeared to be the ony species 





_ Place.in the interior of Arno island, 






on the atoll capable of growing in its own dense shade. The area under 






Ochrosia is not likely rapidly to snaresee in size, however, rig the 






Ochrosia fruits are large and heavy me are not usually disseninated 
The same may be said for the fruits of _ 








far from the parent tree. 





Mandia sonorae A single large Hernandia was found in a patch of 













secondary forest near the ocean side of Arno island, but seedlings were 






observed only within 50 feet of the trunk of the parent tree. 





According 





Secondary forest on Arno occurred on Arno loamy sand, 






to Stone, these soils were formed "under a native mixed broadleaf forest 






that was replaced in part by the indigenous agriculture and more or less 






Thus their development cannot be related 





completely by_ copra culture,* 





The preset author, however, encountered an 





to the existing vegetation," 







immature Arno soil on the rim of an excavated yaraj pit in the breadfruit 
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forest near Ine village, suggesting that the series can develop wder 
breadfruit trees, It appears fairly certain that a large part of the 
area of Arno loamy sand on Arno island, including the present secondary 
forest, was under a form of indigenous agriculture for at least 130 to 300 
years before the advent of "copra culture," The history of use may be 
much longer. Since the Arno loamy sands occur chiefly in the interiors 

of the wider islands -- the regions best suited for breadfruit and yaraj 
culture because of the low salinity of the ground water, it is not un- 
reasonable to postulate that the areas under soils of the Arno series 

in 1952 were among the first to be occupied by the Marshallese voyagers 
upon their arrival at the atoll. With the establishment of the Marshallese 
agriculture, the soils were disturbed by the excavation of yaraj pits. 
The uprooting of trees during typhoons and lesser storms hag.been another 
factor. tending to obscure the original soil. | ee : 

It. should further be emphasized that there is no field evidence that 
the interior of Arno island was ever occupied ‘by a native mixed broadleaf 
forest. Present stands of wild native trees infrequently visited by 
. humans are commonly characterized by the presence of seabirds and 
phosphatic sands or rock, Phosphatic areas indicative of former flocks 
. of. roosting. and nesting seabirds were entirely lacking on Arno island. 
Indeed, Stone's analysis of a sample of Arno loamy sand from the apea of 
poor coconuts on Arno showed a surprisingly low content of available 
phosphorus inthe black surficial horizon... He reported only, 10 pounds 
per acre, about 10 percent of that obtaining in the productive. grovese 
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VEGETATIONAL CHANGE 





Processes of large-scale change in the vegetation of Arno atoll 
were not evident in 1952, It is true that brush of small native trees 





and shrubs tended to grow up in the coconut and breadfruit groves, but 





the cutting and burning activities of the landholders kept pace with 





these threats except in a few places, The encroachment of native 





secondary forest on the area of poor coconuts of Arno island has been 





discussed above, but the invasion did not appear to be strikingly rapid. 
Special study was made of areas affected by the typhoons of 1905 





and 1918. ‘In the area west of Jabu washed out during the typhoon of 





1918 (cf. Wells, 1951; fig. 8), Scaevola, Towmefortia, Pandanus, 





Terminalia, Vigna, Canavalia, Triumfetta, Fimbristylis, Lepturus, 









Euphorbia, Polypodium, and Cassytha were noted under the young coconut 





trees. One Scaevola plant growing in a washed-out depression had 





attained a height of about 16 feet, The Vigna was especially prominent 


among the herbaceous plants. Its apparent competitive ability in this 





situation is perhaps not surprising in view of the relatively low nitrogen 





content of the immature soil (Stone, 19513; profile No. 27). 





“Walking from Langar island to Ine village I noted young plants of 





the following species growing in sand deposited since the typhoon of 





1905 devastated much of the eastern part of Arno atoll: Co¢os ’ Scaevola, 









Calophyllum, Pandanus, Guetterda, Tournefortia, Lepturus, Vigna, Triumfetta, 


Fimbristylis, Wedelia. In most places, the sand which had drifted in 







between parallel ridges of beachrock representing the shore lines of 





Yet it was possible to walk 









former islands was devoid of vegetation. 





the entire distance from Langar to the southern end of Aljatuen Matolen 


othe 











on dry land at mid and high tide. Primary succession undoubtedly takes 








place, but it is apparently a slow process in such situations, 







Pemphis acidula, however, was especially abundant along the lagoon 








shores of this devastated strip. Plants of all sizes up to low trees 







15 to 20 feet tall were observed growing on the solid beach rock, 






Shallow pockets in‘ the rock in which small quantities of sand had 






accumulated were the seedbeds of this hardy plant,.. Scaevola frutescens 









and sprouting coconuts formed thickets along some of the high boulder 






ramparts behind the shrubbery of Pemphis. Ubiquitous was a black blue 









green alga which covered completely the rock fragments of boulder ram- 






parts in exposed situations. 
Further confirmation of the hypothesis that vegetational. change 







was slow at Arno in 1952 is afforded by the fact that it was possible 
_to use aerial photographs taken in 194) and 1945 in mapping the vegetation 






of the atoll, The photographs were repeatedly checked in the field and 









no discrepancies were noted other than slight changes in land forms, The 


vegetation of Arno atoll had remained essentially stable for at least 7} 








anata. 






PHOSPHORUS RELATIONS 





The atoll habitat, monotonously uniform to superficial observers, 





‘“ actually striking in its variety. Permanent residents, for example, 





are well aware of the differences in the abundance of fish and sharks in 





different situations. On Arno atoll the fishing was especially good off 






Bikarej island. 





Although there was an abundance of fish on the ocean 






reefs near the Takleb pass, spear-fishing there was dangerous because of 






The lagoon shores of the windward 





the great concentration of sharks. 


islands of Arno atoll were often wmpleasantly hot because the coconut 
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plantings to windward cut off the cooling trades. The lagoon shores 


of Arno island and Ine, on the other hand, were for the most part plesant~ 






ly cool, for the trade winds impinged on the villages along their lagoon 





shores after an uninterrupted sweep across the broad lagoon. Mason (1952) 





discussed the striking cultural differences to be found on the different 





islands of Arno atoll. I found that almost every. island had a local "won~ 






der" or legend associated with it, The atoll was in effect a microcosm, 





Marked differences in the habitats available to plants were also 






found. Soils varied in texture from peats and mucks through sandy loams 








to materials composed chiefly of stones and cobbles, Some soils, like 


those of high, windswept dunes, appeared excessively drained, but else- 





where fresh-water swamps were encountered, The salinity of the ground 





water varied over a 2,000-fold range, and this variation was reflected 





in the vegetation. Breadfruit and yaraj plantings were limited to areas of 








relatively low salinity. 






The variation in concentration of readily extractable phosphorus in 


the soils of Arno atoll was especially noteworthy. Stone reported only 





10 pounds per acre in the area of poor coconuts on Arno island,but 860 





pounds per acre at one locality on Namwi island. Concentrations in the 








mangrove peats of Langar island reached 1600 pounds per acre. 









Local concentrations of phosphates and phosphatic limestone at Arno 





were often correlated with present concentrations of roosting and nesting 


seabirds. The mangrove swamps of Langar and Tinak harbored large 










colonies of fish-eating terns, the droppings of which are believed to be 





rich sources of phosphates. Takleb and Nama islands, formerly 








Marshallese bird reservations, had local deposits of phosphatic sand and 





rocks, 





- 56 





Although unconsolidated phosphatic sands were commonly mcountered 
in areas of native forest dominated by Ochrosia, Guettarda, Intsia, 
Barringtonia, or Hernandia, consolidated phospliatic limestone was ap- 
parently restricted to those areas of native forest in which Pisoriia 
grandis was or clearly ‘formerly had been the primary species. “On” 
Takleb island, for example, phosphatic rock was found only on the 
part of the island on which grew 3 large Pisonia trees, probably relicts 
of the former native forest. In order to study this phosphatic soil’ the 
author excavated a deep pit near the largest of the Pisonia trees, ‘The 
profile was: 0 = 2 inches, but extending to a depth of 17 inches in 
fissures in the phosphatic rock: Black greasy humus with Pisonia roots. 
Crumb structure well developed when dry. Mucky when wet. 

2 13 “inches, but commonly outcropping at surface and in places continuing 
to depths of 2h; inchés: Brown phosphatic limestone, The rock was highly 
"“‘prittle, imich fissured, and pockéts of mconsolidated phosphatic sand 

were presente : . 

" 13 = 22 inches: Pink coral and foram sand with verticat browi phosphatic 
streaks and fragments of brown phosphatic rock. Grading into | 

22 » 52 inches: ° ‘pink coral and foram sand, gradually increasing in: 
‘coarseness of texture with depth, and containing near the bottom of pit 
well preserved fragmeits of branched corals. Sis 

This soil apparently developed on a parent material of coral-and~ 
foram sand similar to that found in the 22«52 inch horizon. Phosphatic 
salts from bird droppings moved dowward from the humus layer into the 


lime sands beneath, combining with these to form insoluble calcium 


phosphate. “Movement downward of the phosphatic salts was effectively 


57. 









limited to the upper 22 inches of soil by the filter of lime sands. 






Gradually a matrix of calcium phosphate formed around the grains of 
The mucky 









limesand, cementing them into solid chunks of rock. 





phosphatic humus washed down into the interstices of this rock, in 





places preventing the further downward movement of materials, Around 


the largest of the Pisonia trees stood 3 pools of water an inch or two 






deep, which served as wallows for the numerous pigs of Takleb island. 





One of these wallows was situated only 11 feet from the soil pit 
described above, Standing water remained in this wallow at the end of 






a 36-hour rainless period, whereas no water was encountered in the pit 






at a depth of 52 inches. Evidently this phosphatic hardpan was capable 


of perching a yater table, 
A fragment of rock removed during the excavation of the soil pit was 





suggestive of the length of time necessary for the formation of the hardpan, 






One side contained a semi-cylindrical cavity approximately 2 inches in 








diameter. The rock was hardest and darkest around the cavity, which 





apparently had once been occupied by the root of a tree. It is suggested 





that the rock must have formed around the root after the latter had 





attained a diameter of 2 inches, for had the root penetrated the rock 





after the latter had formed, it surely would have shattered the brittle 






rock during its increase in diameter. Further, the rock must have 





formed around the root while the latter was still alive or only recently 


dead. Coarse, unconsolidated sand would quickly have filled in the 





cavity left by the decaying root had the latter rotted before the rock 






was formed. This suggests that the phosphatic rock formed very rapidly, 









perhaps within less than 100 years, although the length of life of the 






root of an unknown species of tree wnder the conditions described is of 






course not know, 
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Felix Je, the magistrate of Arno atoll, whose family holds land 
‘rights on Takleb, stated that the phosphatic roc: was first noted “in 

1905. The island was first settled in 1886, and certain crops not observed 
on the atoll in 1952 =- the pineapple, tomato, and watermelon -- were 
grown'on the fertile Takleb soils wmtil the development or ezzposure of 
therock made their culture d‘fficult or impossible, It is possible that 
«the removal of the wild treés tended to have a dessicating effect on the 
soils. During periods ‘of drought the soil may have been exposed to the dire 
direct rays of the tropical sun, and the resultant "baking" may: have ac- 
celerated the formation of phosphatic ‘rock, On the other hand, removal 

of the trees may have been followed by heavy erosion during the torrential 
downpours so characteristic of Arno atoll, The mucky layer of phosphatic 
‘humus, in which the crops’were grown, -may ‘simply have washed away, ex~ 
“posing the previously formed phosphatic liméstone beneath. 

‘For the most -part, ‘productive coconut’ trees occurred on soils of 
intermediate concentrations of’ phosphatés:. 80 to 120 pounds per acre 
according to Stone's’ analysis. »‘Although coconuts were successful on 
these soils, the special: crops’ «= tomatoes, watermelons, pineapples -- 
in general were nots In 1952 Kapok trees had been successfully introduced 
only on Takleb. They were’ stated to have failed on Ine. 

Qn soils of very low ‘concéntrations. of:readily extractable phos- 


phorus’ even the coconut did poorly.’ In the interior of Arno island (Fig, 13) 


where Stone's.analysis showed: only 10 poimds of readily extractable 
phosphorus per acre. in the surface 6 inches of the soil, was an area of 
“poor coconuts. ("Laora") forming a semicircvlar belt. aromd an area of 


secondary forest," Coconuts obsérved in clearings of the latter exhibited 


— 












the same symptoms as those in the area of poor coconuts adjacent to the 





secondary forest. It is therefore probable that the condition responsible 


for the poor growth of coconuts was present throughout the secondary 






forest. Combined, the two areas totaled 136.6 acres. 





Poor coconuts of the "laora" type were also observed by the author 





in the interior of the widest island of Ebon atoll, in the southern 








Marshalls, The soil, of which samples were sent to Dr. Stone for analysis, 







On both sides of this area of poor 





was apparently of the Arno series. 


coconuts but no nearer the lagoon were groves of healthy, productive 





trees growing on phosphatic soils. These local phosphatic deposits, 







neither of which was larger than 10 acres in extent, had been mined by 







the Japanese wntil United States bombers destroyed the loading facilities; 





about 50,000 tons were removed, The author excavated a small soil pit in 


an area undisturbed by mining operations. A highly organic, fine-textured 





layer 8 inches thick covered 8 inches of gray sand, which in turn lay over 
solid, hard phosphatic limestone, *through which it was impossible to 





dig with a hand shovel. The formation was apparently thick, however, 











for the Japanese excavations had. pierced the water table and created a 





fresh=water pond perhaps 1000 square feet in areas 
To summarize, "Laora" is a disease of coconuts occurring in the 







‘interiors of the wider islands of atolls on soils of low concentrations 






of readily extractable’ phosphorus. local phosphate deposits in the 






interiors:of one such wide island the coconut trees were healthy and 






productive, whereas the palms on an adjacent, non-phosphatic area were 





not thrifty. The sites were apparently identical in all respects with 


the exception of the difference in phosphate concentration of the soil. 
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The presence or absence of local phosphate deposits in the interiors 





of wide islands is probably not fortuitous. At Arno the tops of large 





Pisonia trees were invariably crowded with flocks of roosting and nesting 






seabirds, In fact, the birds appeared to "prefer" the branches of the 








The droppings of these myriads of 





Pisonia to those of any other tree, 





birds would eventually result in the formation of phosphatic rock, as ob- 





served on Takleb island. Like mmy of the native trees of the southern 





Marshalis, Pisonia grandis tends to occur in groves -~ that is, in pure 









stands less than 10 acres in size» Present local deposits of phosphatic 





rock may well coincide with former Pisonia groves, 






The Marshallese voyagers, upon arriving at a new atoll, probably 







In the interiors of 





cleared first the forests of the wider islands, 





these islands the ground water was sufficiently fresh to permit the 










growth of their basic crops, breadfruit and yaraj. At Arno island 


yaraj pits and abandoned housesites were concentrated in the interior; 






it is probable that this interior land has had a longer history of con- 





tinuous human use than any other area of the atoll. From the time it 





was first cleared mtil 1952 -- at least 220 years and probably much 





longer «- large flocks of fish-eating seabirds were absent, for the 










- birds tended to avoid villages, where they were persecuted. Consequently, 


any large-scale deposition of phosphates by seabirds effectively ceased 





in the interior of Arno island with the arrival and establishment of the 






Marshallese voyagers. It is perhaps not surprising that after centuries 





of cropping and leaching losses some of these soils were not able to 






supply the coconut tree with sufficient phosphorus to meet its needs, 









According to the data of Walker (1906), a ripe coconut minus the 


husk and shell contains 1.911 gr. phosphoric acid (P50¢)0 On the 






average about 1850 nuts per acre of coconut land were converted into : 












copra on Arno atoll in 1951. This is about 3./: pounds of phosphorus 





(P) removed per acre in coprae In addition about 0.8 pounds of 






phosphorus was removed from coconut plantations in the shells of the’ 





husked nuts, making a total ‘of 4.2 pounds per acré. About 3.8 tons 






of phosphorus were lost -to the atoll in 1951 in the export of copra. 


The shells, of course, were not exnorted but were used as fuel locally, 






Using the data of Bachofen (Anonymous, 1900) the amount of phosphorus 





lost to the atoll in 1951 in the export of copra drops to 1.37 tons; 







the loss per acre becomes 1.3 pounds. Of course, in order to arrive ata 






more accurate estimate it would be necessary to analyze Arno coconuts 






or copra, The data ate merely intended to indicate theorder of magnitude 





‘of the cronping loss. Indeed, with the abandonment of the unproductive 


“groves and the establishment of secondary forest, the early stages of a 






shifting avriculiuie were present iri 1952, Only the establishment of 





Pisonia groves amd rodkeries within the secondary forest were necessary 






to complete the cyéle, It would thus appear that the cycle of movement 






‘ ° 9f phosphorus froi'sea to land and back is of considerable importatice in 






the agriculture and ecology of inhabited atolls in the southern Marshalls. 


| I believe that a careful geochemical’ study of the phosphorus cycle on in- 





habited coral atolls would'be of considerable general interest, for it 





would combine the work of the chemist, the soils scientist, the geologist, 





the ichthyologist, the ornithologist, the botanist~agriculturist, and the 







anthropologist in the investigation of a vital phase of the economy of 


atolls. 
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HISTORICAL RESUME 


le Before the arrival of the iflarshallese voyagers, the vegetation of 
Arno atoll was composed chiefly of dicotyledonous trees and shrubs. 
Along boulder ramparts and extending perhaps 100 feet inland on wind~ 


ward islands was a scrub vegetation composed principally of Scaevola 





frutescens but also including Tournefortia argentea, Pandanus 





tectorius, Terminalia samoensis, and Guettarda speciosa. This scrub 








merged inland on stony soils with a forest of trees 20 to 60 feet tall, 


Prominent among these were Barringtonia asiatica, Hernandia sonora, 





Ochrosia cppositifolia, Intsia bijuga, Pandanus tectorius, Guettarda 











speciosa, Pisonia grandis, and Cordia subcordata. Ground cover was 
sparse, being featured chiefly by tree seedlings and suckers, clumps of 


Asplenium nidus among the rocks, and patches of Peperomia spe On sandier 








soils nearer the lagoons groves of tall Pisonia trees served as rookeries 


for numerous fisheeating seabirds. Hardpans. of phosphatic. limestones 





developed under the Pisonias. Allophylus timorensis, Guettarda speciosa, 


Intsia bijuga, Pipturus argenteus, Cordia subcordata, and Prema 





obtusifolia were also present on sandy interiors, although they probably 





. did not form mixed stands with the Pisonias. Along the dunes of lagoon 
shores a scrub of Scaevola with occasional Suriana maritima and Sophora 
tomentosa formed a narrow belt at the edge of the forest, Along eroding 





lagoon shorelines in which beachrock was exposed, Pemphis acidula formed 





the bulk of the vegetation, 

Saline flats were covered with nearly pure stands of Pemphis. Saline 
swamps may have been occupied by a vegetation of mangrove trees, although 
it is possible that these were introduced later by the Marshallese, 
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Fresh-water swamps were covered by forests, of Pandanus tectorius,. 





Along the lagoon shores of island damaged by typhoons herbaceous 


plants such as Triumfetta procumbens, Lepturus repens, Wedelia biflora, 








Vigna marina, Fleurya ruderalis, and Fimbristylis atollensis maintained 








precarious footholds in the face of the advancing woody vegetation, 

2s The arrival of the Marshallese settlers introduced a period of major 
change in the vegetation. The forésts of the sandy interiors of islands 
were partially cleared, yaraj pits dug and cultivated, and breadfruit and 
coconut trees planted. Perhaps 15 percent of the land area of the atoll 
was given over to agriculture. -Breadfruit groves flourished in the in- 
teriors of the wide islands and coconut trees ‘lined their lagoon shores. 
3. Housesites in the interior of Amo island were abandoned in the 

_ middle of the 19th century after having been occupied for at least 120 
and perhaps 300 or more years, An Hawaiian mission was established at 
Ine in 1873, marking the first recorded date in Arno's history. In 
1876 Troij Lekaman removed the restrictions on colonization of the only 
- two sizeable islands of Arno atoll = Takleb ‘and Namwi == on which the 
native vegetation remained unaltered or nearly so}; much of the native 

" forest was removed to make way for breadfruits, coconuts, and other 
 eropse Germany established a protectorate over the Marshall Islands in 
“3885. German administrators and traders encouraged the production of 
“copra. Pigs were introduced. le + 

he ‘During the early part of the 20th century the acreage under coconuts 
increased rapidly at the expense of the native scrub and forest. Native 
herbs, however, prospered in the new habitat. Pigs devastated the yaraj 
pits and uprooted Tacca plants in thé’ coconut groves. The breadfruit 
groves of the interior of Arno’ island with their yaraj pits were abandoned, 





we 









and a native forest of Allophylus, Guettarda, Premna, and Paidanus 
developed in which certain varieties of breadfruit persisted as 
scattered trees, reproducing by root suckers and seeds. A typhoon 

did serious damage to the islands of the eastern part of the atoll in 
1905. 

5e Soon after the beginning of the first World War the Japanese replaced 
the Germans as administrators of the Marshall Islands. The Marshallese 
were encouraged to purchase Japanese exports, especially rice. A 
destructive typhoon hit Arno atoll in 1918, washing out parts of islands 
and uprooting trees. Japanese agriculturists advised the Marshallese 
to increase their coconut plantings, Plantations were wmsuccessful, 
however, in the interior of Arno island on the lands surrounding the 
site of the ancient villages Copra production in the Marshall Islands 
probably reached a maximum under the Japanese. 

6. In 194) Kwajalein, Majuro, and Eniwetok were occupied by armed 
forces of the United States. Although the copra trade was disrupted, 
Arno was not the scene of major military activity. Aerial photographs 
taken in 19) and 195 revealed that about 69 percent of the land area 
of Arno atoll was wder coconut trees, This area had not changed ap- 
preciably by 1952, Native forest and scrub were restricted chiefly to 
stony land and the ocem sides of windward islands, By 1951 copra 
production had increased to an output of 622 tons, but secondary forest 
continued to encroach on the area of poor coconuts of Arno island. Dry 
land was exposed at mid or high tide the entire length of the eastern 


part of Arno atoll from Langar island to Aljatuen Matolen, but plant 


colonization on the newly formed land was slow. Pemphis acidula, however, 











Fresh=water swamps were covered by forests, of Pandanus tectorius,. 





Along the lagoon shores of island damaged by typhoons herbaceous 


plants such as Triumfetta procumbens, Lepturus repens, Wedelia biflora, 








Vigna marina, Fleurya ruderalis, and Fimbristyvlis atollensis maintained 








precarious footholds in the face of the advancing woody vegetation. 
2s The arrival of the Marshallese settlers introduced a period of major 
change in the vegetation. The forests of the sandy interiors of islands 
were partially cleared, yaraj pits dug and cultivated, and breadfruit and 
coconut trees planted. Perhaps 15 percent of the land area of the atoll 
was given over to agriculture. Breadfruit groves flourished in the in- 
teriors of the wide islands and coconut trees ‘lined their lagoon shorese 
3. Housesites in the interior of Arno island were abandoned in the 
middle of the 19th century after having been occupied for at least 120 
and perhaps 300 or more yearss An Hawaiian mission was established at 
Ine in 1873, marking the first recorded date in Arnots history. In 
1876 Troij Lekaman removed the restrictions on colonization of the only 
two sizeable islands of Arno atoll ~ Takleb ‘and Namwi == on which the 
native vegetation remained unaltered or nearly so; much of the native 
‘ forest was removed to make way for breadfruits, coconuts, and other 
 ‘cropse Germany established a protectorate over the Marshall Islands in 
“°3885, German administrators and traders encouraged the production of 
“copra. Pigs were introduced. 
he ‘During the early part of the 20th century the acreage under coconuts 
increased rapidly at the expense of the native scrub and forest. Native 
herbs, however, prospered in the new habitat. Pigs devastated the yaraj 
pits and uprooted Tacca plants in thé coconut groves. ‘The breadfruit 


groves of the interior of Arno island with their yaraj pits were abandoned, 
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and a native forest of Allophylus, Guettarda, Prema, and Pandanus 
developed in which certain varieties of breadfruit persisted as 
scattered trees, reproducing by root suckers and seeds. A typhoon 

did serious damage to the islands of the eastern part of the atoll in 
1905.6 

5» Soon after the beginning of the first World War the Japanese replaced 
the Germans as administrators of the Marshall Islands, The Marshallese 
were encouraged to purchase Japanese exports, especially rice. A 
destructive typhoon hit Arno atoll in 1918, washing out parts of islands 
and uprooting trees, Japanese agriculturists advised the Marshallese 
to increase their coconut plantings. Plantations were wsuccessful, 
however, in the interior of Arno island on the lands surrounding the 
site of the ancient villages Copra production in the Marshall Islands 
probably reached a maximun under the Japanese, 

6. In 19): Kwajalein, Majuro, and Iniwetok were occupied by armed 
forces of the United States. Although the copra trade was disrupted, 
Arno was not the scene of major military activity. Aerial photographs 
taken in 19) and 195 revealed that about 69 percent of the land area 
of Arno atoll was wder coconut trees, This area had not changed ap-= 
preciably by 1952. Native forest and scrub were restricted chiefly to 
stony land and the ocean sides of windward islands, By 1951 copra 
production had increased to an output of 622 tons, but secondary forest 
continued to encroach on the area of poor coconuts of Arno island, Dry 
land was exposed at mid or high tide the entire length of the eastern 
part of Arno atoll from Langar island to Aljatuen Matolen, but plant 


colonization on the newly formed land was slow. Pemphis acidula, however, 





a 








had succeeded in establishing itself in large numbers on the exposed 


beach rock of the lagoon shore of this region and Scaevola bushes 


grew along the high boulder ramparts. 











- 66 = 














Anderson, De 1951. 


Anonymous, 1900, 


Child, Re 1.950. 


Cooke, FeC.o 1932. 


Copeland, E.Be 1931 


Cox, DeCe 1951 


Fosberg, FeRe 19:9 


Marshall, JeTosJre 


Mason, Le 1952. 


Spoehr, As 199.6 


LITERATURE CITED 


The Plants of Arno Atoll, Marshall Islands. 


Atoll Res» Bull. No. 7: 1+, i-vii. 





A Coconut Analysis (by Dr. F. Bachofen) 


Queensland Agr. Jours 6: 297. 





Cocos. in the Wealth of India, Vol.II, Raw 





Materials, ppe 262-288. Council of Scien- 
tific and Industrial Research, Delhi. 
Investigations on Coconuts and Coconut 


Products. Dept. Agr. Straits Settlements 





and Fed. Malay States Gene Ser. No- 8, Kuala 





Lumpur e 


The Coconut. Third edition, revised. London, 





The Hydrology of Arno Atoll, Marshall Islands. 


Atoll Res. Bulle No» 8: 1-29. 





Atoll vegetation and salinity. Pacific 
Scie 3: 89-92 
1951. Vertebrate Ecology of Arno Atoll, 


Marshall Island. Atoll Res. Bull. Noe 3: 1-38, 





Anthropology-Geography Study of Arno Atoll, 


Marshall Islands. Atoll Res. Bull. No. ll: 1-21, 





Majuro, a Village in the Marshall Islands. 


Fieldiana: Anthropology 39: 1=266. 





Stone, Eele, Jre 1951. The Soils of Arno Atoll, Marshall Islands. 





Atoll. Res. Bull. Noe 5: 1-56, 





~ 67 = 


























Tobins JeEe 1952. Land Tenure in the Marshall Islands, Atoll 


Rese Bull. Noe il: 1<36, 





Walker, HeSe 1906. The Coconut and its Relation to the Production 


of Coconut Oil. Philippine Jour, 





Scie 1: 5882 
Wells, J.W. 1951. The Coral Reefs of Arno Atoll, Marshall 


Islands. Atoll. Rese Bull. Noe 9: 11); 





Wester, PeGe 1920. The Coconut Palm: Its Culture and Uses- 


Philippine Bur. Agr.e Bull, 53. 





« 68 w« 















































5. =~’ == F WwevrwZ Fe“ — i te eee 












a a es Oe UREA Ate 





1$3404 AYVONOD3S 











~VHOV, ‘SINNOD0D YOOd 





























AWTI3W,'SLANODOD YO0d 





dWYMS Y31VM-HS384 


dWYMS JAOXONVN 


ivV13 3NITIVS 





1$3403 8NYOS 








BAONS LINNSOVAYE 








3A0HNS LNNODOD 














S3ITIW 3LNLVILS O1 gO 10 O 


ee 


| 


TIOLV ONYV JO NOILVLSSSA 








1S$3404 AYVONO93S 


«V¥OV, ‘SLINNODOD YOOd 








J IVTI3W,:SLANODOS YO0d 











GWYMS Y3S1LVM-HS384 


GWYVMS 3AOXNODNVA 


iV¥14d 3NII1VS 


1S3403 8NYOS 











B3AONS LINKIIGVIAYS 








3A0¥S LNNODOD 











S3TIN 3LNLVIS O1 








FIGURE 2 





1V14 3NINVS 





L1S34O4d SNYOS 











3AONS LINdsOV3YS 











3AOHS LNNODOD a) acercnecat eral 














Il . 


T10LV ONYV JO NOILVLASSA 





1S3¥03 AYVONODSS 





% .WHOW,,:S.LNNO909 YOOd 








w 1V113W,'SLNNODOD YOO0d Poe 














dWYMS Y3SLVM-HS384 
dWYMS 3AOXONVW 


1V13 3NINVS 





LS34O4d SNYOS 

















II 


TIOLV ONYV JO NOILVLSSSA 











€3yunNdI4 


SSTIW 3LNLVILIS O1 oa) 10 O 


a ee mes 





I] 


TIOLV ONYV SO NOILVLASSA 





S3TIW 3LNLVILIS O1 














iV1d JNIT1VS 


1S3404 ENYOS 


3AOUS LINsHsGV3HE 


3A0¥9 LNNODOD 











hi 




















S31IW 3LNLVIS O1 


» 1V1713W,,*SLANODOS 400d 
dWYMS 4¥31LVM-HS3Y4 
dWYMS 3AOUNDNVA 

1V13 3NI1VS 

1S3403 BNYOS 

3AOY¥S LINHIGVSYS 


3A0¥S LNNODOD 


8.8 0.6 646-2820 
Sesegeeeaene 
Sesee ee eaes 
Seas eeeeaeses 
Sesee eases 











Tm 


























¢ 3uNndI4S 


1S3404 ANUVONODSS 


aV¥OV1,:SLNNODOD YOOd 


,1V173W, *SLANODOD YOOd atetatatetererereete 


dNYMS Y31LVM-HS3YS 











VEGETATION OF ARNO ATOLL 


lV 


SS 


0 Ql 0.5 1.0 STATUTE MILES 


FIGURES 








tad SRR S- HH 


Se § 








ATION OF ARNO ATOLL 


lV 





































































































STATUTE MILES 



























































COGONUT GROVE 


BREADFRUIT GROVE 

SCRUB FOREST 

SALINE FLAT 

MANGROVE SWAMP 
FRESH-WATER SWAMP 
POOR COCONUTS:"MELLAL” 


POOR COCONUTS:"LAOR A" 


SECONDARY FOREST 








VEGETATI 














JETATION OF ARNO ATOLL 











































: =] COCONUT 6 
V )  eneacrru 
eS =] soRUB FOR 
(SALINE FLA 
aoaleg MANGROVE 
fea HE a FRESH-WATE 










































= _ none Oe 
0 Ql 0.5 LO STATUTE MILES POOR COCO 
3222220889) SECONDARY 







































































FIGURE 6 















































STATUTE MILES 













































































COCONUT GROVE 
BREADFRUIT GROVE 
SCRUB FOREST 

SALINE FLAT 

MANGROVE SWAMP 
FRESH-WATER SWAMP 
POOR GCOCONUTS: "MELLAL" 
POOR COCONUTS:"LAORA" 


SECONDARY FOREST 





MTT 


re 
i 




















,VHOV,, ‘SLNNODOD yo0od 





, W113W,'SLNNODOS yo0od 











dWYMS ¥3LVM-HS384 


dWYMS 3AQOXONVN 





Lv¥14 3NIIVS 





1s3y¥03 8NHOS 














BAONS LINYIOV3YE 








3A0¥9 LNNODOD 











I/\ 


110LV ONYV JO NOILVLS9SA 








1S34¥043 AYVGNOD3S 


»VYOV,, ‘SLNNODOD YOOd 





w WTI3N,:SLNNODOD ¥O0d 











GWVYMS Y31LVM-HS3u4 


dWYMS 3AQOYNODNVW 


1vV13 3NINVS 





1S3403 8NHYOS 











3AOuNS LINNsGV3YuS 








3AONS LNNODOD 











lA 


TIOLV ONYV 4JO NOILVLSSSA 











2 3YuNDI4 


S3TMIW 3LNLVILIS O1 


1S$34¥03 AYVGNOD3S 


»VYOVT,, ‘SLNNODOD YOOd 











GCOCGONU 





BREADF 





SCRUB F 














O Ol 0.5 1.0 STATUTE MILES Se (SALINE 
MANGRO 


FIGURE 8 : paren: 











POOR GQ 





POOR CC 





SECOND 










































































VEGETA 


COCONUT GROVE 








BREADFRUIT GROVE 








SCRUB FOREST 





— L— SALINE FLAT 
LO STATUTE MILES <i 
MANGROVE SWAMP 


FIGURE 8 FRESH-WATER SWAMP 





POOR GOCONUTS:"MELL 














POOR COCONUTS: "LAOF 








SECONDARY FOREST 
























































EGETATION OF ARNO ATOLL 


Vil 






EST 


T 


SWAMP 


ER SWAMP 


NUTS :"MELLAL" 


NUTS: "LAORA" 


FOREST 













VEGETATION OF ARN 


VIll 


ee 


0 Ol 0.5 1.O STATUTE MILES 


FIGURE 9 


ARNO ATOLL 


| 
























E MILES 














COGONUT GROVE 














BREADFRUIT GROVE 














































































































SGRUB FOREST 











SALINE FLAT 


MANGROVE SWAMP 
FRESH-WATER SWAMP 


POOR GOCONUTS:"MELLAL" 





POOR COCONUTS: "LAORA" 





a 
=_— 
aa 
ii 
~- 
~~ 


SECONDARY FOREST 


> 
Sees seeee 

































































IEGETATION OF ARNO ATOLL 


IX 












































0 Ol 0.5 1O STATUTE MILES 



























































FIGURE 10 


GOGONUT GROVE 
BREADFRUIT GROVE 
SGRUB FOREST 
SALINE FLAT 
MANGROVE SWAMP 
FRESH-WATER SWA 
POOR COCONUTS:" 
POOR COCONUTS:"L 


SECONDARY FORES 








O ATOLL 












































1.O STATUTE MILES 




































































COCONUT GROVE 
BREADFRUIT GROVE 

SCRUB FOREST 

SALINE FLAT 

MANGROVE SWAMP 
FRESH-WATER SWAMP 
POOR COCONUTS :"“MELLAL" 
POOR GCOCONUTS:"LAORA" 


SECONDARY FOREST 





AMP 
“MELLAL"” 
"LAORA" 


ST 











VEGETATION OF ARNO ATOLL 


X 












































FIGURE I! Bes 
pea 
a i 
Oo Ol 0.5 1.0 STATUTE MILES a 
® 
os © 





BE TATION OF ARNO ATOLL 


X 







































































FIGURE || 

ee ee en en ee ee ee | 

(@) 0! 0.5 1.0 STATUTE MILES 
y) 
i 

. rs 
os § 
0 


COCONUT GROVE 





BREADFRUIT GROVE 
SCRUB FOREST 

SALINE FLAT 

MANGROVE SWAMP 
FRESH-WATER SWAMP 
POOR COCONUTS: “MELLAL" 


POOR COGONUTS: “LAORA" 








SECONDARY FOREST 




































































EE Ww ttt tN Ul ee I 








SN3ZLN39YNV SNeNldid 














SIGNV YS 








VINOSId 





SISN3YOWIL 


SNTAHdO11V 


VSOI93dS 
VOYNVLLINS 


SNIMYOLOSZL 
SANVONVd 


4333 000) ° 











NOOOV1 


AGWYMS 3NIIVS 3VVL Y3LVM-OGNNOYS Ol 


dWYMS Y3SLYM-HS 384 





41334 °0O2 





SN3Z90S3LNYS VIOAZVOS 





V3LN39¥8V VIGINHOSY3SS3IN 














Vivagyoosns viaquos 














VINOSILISOddO VISOYHDO 











VOILVISV VINOLONINSVS 














a éQ31NW1d 


VYONOS VIGNVNY3SH 


yer VONIE VISLNI 
































VeVWY V3NVINOS 


SN39S31NYF VIOAZRVOS 





V3LN398V VIGINHOSY3SSS3IWN 

















VLVGYOOSENS VIdYHOS 




















VINOSILISOddO VISONHDO 









(1X3L NI NOILYNV1dX3) 
‘S33uL JAILVN NIVLY39 JO JONVLYOdWI GNV NOILNGINISIC 2! 3YNSIS 








= aw 
Fi 


Q3iLNV1d VLVONCNOD VaesInonys 


VINGIOV SIKdW3d , 


SISNSOWVS VIIVNINYSL y 

















VYVWY VAN INOS ; 





1S$3404 BisdS 


(4S34¥O04 AHYVYONOOD3S NIHLIM) 
Slid (VHA 40 V3INV 


1£S3403 A¥VONOD3S 


1S3¥03 1INHJOV3INS 


SLNNO309 YOOd 


SiNNO309 GOO*® 


OB33353333 33) 
Smash 
EERE 


GNV1SI ONYY JO LYVd 3GIM ‘€l aUNSIS 


41314 11v9 


3SNOH $.3113fF01 









Fig. 14. Productive Coconut grove. Ine. Fig. 15. Poor Coconuts ("Laora"). Arno 
8/23/52. Islend. Nearly half the palms 
are dead. 17/15/52. 





Fig. 16. Breadfruit grove. Ine. Ground layer is 


8/23/52. 


dense in open groves. 





Fig. 17. Yaraj pit, Ebon island, Guettarda on stony land 
Ebon atoll. 9/20/52. near rampart. Langar 
island. 8/15/52 


Fig. 19. Ochrosia stand on stony j Barringtonia stand, stony 
land, Bikarej island. The land, Langar island. 
trees are about 40 feet 8/15/52. 
tall. 7/25/52. 





Fig. 21. Large Pisonia tree, Takleb Fig. <2. Pisonia trees, Takleb island. 

island. Tree was 28.4 feet in cir- The trees have originated from sprouts 

cumference and 80 feet tall. Note along a single fallen log, the remains 

numerous suckers. 8/5/52. of the roots of which are visible at 
left. 8/5/52. 


Fig. 23. Mangrove swamp. Compare 
forms of old trees at right with 
straight young poles on left. Langar 
island. 8/15/52. 
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Fig. 24. Fresh-water swamp. The Fig. 25. Fresh-water pond and swamp. 
stand consists chiefly of Pandanus The water was about 24 inches deep 
tectorius. Ulien island. 7/16/52. when photographed. Ulien island. 

7/16/52. 





Fig. 26. Secondary forest. Rank growth Fig. 27. Modern house. Note gravel 
of Pandanus tectorius in abandoned yaraj courtyard around house. Arno island. 
pit. Arno island. 7/15/52 8/20/52. 








Fig. 28. Gravel in modern courtyard. 
Arno island. 8/20/52. 


Fig. 29. Gravel in courtyard of 
abandoned housesite. Near yaraj 
pits, Arno island. 7/15/52. 





